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Barcomb
Retaining and Managing Episodic Contributors
in Free/Libre/Open Source Software Communities
Abstract
Free/libre/open source software (FLOSS) communities are commonly
understood according to the Onion model. This thesis presents an
alternative approach of understanding participation, the habitual-
episodic lens drawn from the general volunteering literature. Episodic
volunteering (EV) is an alternative way of understanding the periphery
of the Onion model which takes into consideration recent developments
in FLOSS communities, most notably the increasing role of non-code
contributors. The overall objective of my work is to evaluate how
the management of short-term and peripheral contributors could be
improved. Using the EV lens, This thesis considers two of the most
important problems in EV management, namely deriving value from
contributors’ work and retention, by describing the current state
of EV in FLOSS, identifying and evaluating the factors associated
with retention, identifying and evaluating practices associated with
retention, and identifying and evaluating EV management practices.
The contributions of this work are a description of the current state of
EV in FLOSS, the creation and evaluation of a theoretical model for
retention of episodic contributors, and the development of a handbook
of practices for addressing the problems associated with EV in FLOSS.
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Free/libre/open source software (FLOSS) is only becoming more important. For
some time companies have used FLOSS in infrastructure and tooling to reduce
costs and avoid lock-in (Dedrick and West, 2003; Lundell et al., 2017). Today,
FLOSS is also integrated into proprietary software products (Ayala et al., 2011);
studies in the previous decade found that between 33% and 47% of companies
integrate FLOSS components in their own software (Bonaccorsi et al., 2006; Hauge
et al., 2008), while industry analyst firm Gartner stated in 2011 that 60–80% of
the codebase in technology firms is made up of FLOSS (as reported by Black Duck
and BearingPoint (Open Source Governance in Highly Regulated Companies 2013)),
and a 2012 report predicted that 95% of all proprietary software would include
non-trivial FLOSS components by 2016 (Understand the Challenge of Open-Source
Software 2012). But the impact is not limited to the software industry. Andreesen
(2011) famously claimed in an article in the Wall Street Journal “software is eating
the world,” meaning that companies in a wide range of sectors, from automotive
to insurance, now consider software development a core capability. FLOSS is
widespread in the software supply chain, regardless of the industry (Coughlan, 2017;
Harutyunyan et al., 2018; Riehle and Harutyunyan, 2017). In such an environment,
the well-being of FLOSS communities is economically important (Daffara, 2012;
Robles et al., 2014) and of great interest to a wide range of stakeholders.
1.1 FLOSS and the Evolution of the Onion Model
The acronym FLOSS has two components: free/libre software, and open source
software. Free/libre and open source software can be viewed as two movements
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within a community. There is significant overlap between the two terms, practically
speaking, in that both definitions apply to many software licenses. Free software
refers to software which adheres to the ideological position that software should
respect users’ freedom. The word ‘libre’ is often added to clarify that free is meant
in the context of liberty, not free of charge. Free/libre software is defined by the
Free Software Foundation1 through four essential freedoms: the freedom to run the
program, to study how the program works and to adapt it, the freedom to redis-
tribute copies, and the freedom to improve the program and share improvements.
Open source is defined by the Open Source Initiative2 and places emphasis on the
practical benefits of source code access.
In this document, the inclusive term FLOSS is used, to refer to software which
meets the definition of free/libre software, and/or open source software. At the
level of focus, contributor management in the community, the distinction between
free/libre and open source software is not highly relevant. Indeed, it is quite likely
that the topics discussed in this thesis could apply to other online production
communities, or communities of practice, such as Wikipedia or citizen science
initiatives. The term FLOSS community is used here to refer to the group of people
engaged in creating, maintaining, and advancing a FLOSS project, rather than any
legal entity, such as a vendor or foundation, which may have responsibility for the
project. Project includes not only the software, but all activities which contribute






FLOSS communities have changed significantly since they were first studied,
when the Onion model (Nakakoji et al., 2002) was developed to describe the
composition of the community. The onion model, as depicted in Figure 1, shows
core developers in the center. Core developers contribute approximately 80% of the
code and constitute the minority of developers, usually 20% or fewer (Dinh-Trong
and Bieman, 2005; Mockus et al., 2002). Supporting the core are the peripheral
developers, the majority of software developers who contribute the remainder of
the code. Beyond them is a greater number of active users who participate by
filing bug reports. Finally, there are passive users who use the software but do not





Figure 1: The Onion model of FLOSS engagement adapted from Crowston et al.
(2004) (Reproduced from Chapter 2)
FLOSS communities have changed since the Onion model was developed, and
perceptions of FLOSS communities have also changed. One significant change in
FLOSS communities is the growing use of paid developers, who now account for
an estimated 50% of developers (Riehle et al., 2014). In individual communities,
there have been reports of paid developers accounting for 80% of code changes
(Corbet et al., 2013). Paid developers are sponsored by the companies that employ
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them to contribute to FLOSS projects, often within the vertical domain of the
company’s products (Fitzgerald, 2006). The influx of corporate sponsorship has
changed the dynamics of FLOSS communities (Germonprez et al., 2018; Kelty,
2013). Differences in FLOSS and corporate culture can lead to conflict as devel-
opers are forced to choose between their employers’ benefit and the community’s
objectives (Daniel et al., 2011; Lundell and van der Linden, 2013; Schaarschmidt
and Stol, 2018). It is worth noting that firms are not only employing people for
technical participation such as contributing code, writing software documentation,
or participating in discussions (Henkel, 2006), but are also sponsoring non-code
activities such as social participation and governance (Osterloh and Rota, 2007).
Paid non-code contributors have not been extensively studied, but it is known that
paid developers follow a different path in making their first contribution (Roberts
et al., 2006) and their contributions are more readily accepted (Pinto et al., 2018).
Despite the increasing use of paid developers, volunteers are still relevant to FLOSS
development. For instance, Dias et al. (2017) found that in the single-vendor
projects they evaluated, more than half of the pull requests were submitted by
external developers. Furthermore, from the perspective of community managers,
paid developers working for companies cannot be managed as employees but must
be treated as volunteers (Ågerfalk and Fitzgerald, 2008; Dahlander and Magnusson,
2005). Indeed, Crowston (2011) suggested that volunteering remains relevant in
software engineering even outside the FLOSS context because knowledge workers
are highly mobile and cannot be retained and controlled purely through salary.
A second change involves the perception of peripheral developers, who are now
recognized as critical to the well-being of the project. Furthermore, instead of
being viewed as a monolithic group, they are now being considered as belonging
INTRODUCTION
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to different sub-categories with distinct attributes. The benefits of the periphery
include providing input toward technical problem solving (Lakhani, 2006), increasing
innovation (Krishnamurthy et al., 2016), improving software quality (Rullani and
Haefliger, 2013; Setia et al., 2012), creating actionable requests (Neulinger et al.,
2016), participating in the broader ecosystem (Vasilescu et al., 2014), and more.
Recent research has evaluated one-time contributors, discovering that they are
commonplace (Pham et al., 2013b) and often reluctant to increase their involvement
(Lee et al., 2017). They make smaller patches, are more likely to have their patches
rejected, and wait longer for a response (Lee and Carver, 2017). Newcomers
have also been evaluated as a distinct group, with recent scholarship focused on
identifying barriers to entry (Balali et al., 2018; Mendez et al., 2018; Steinmacher
et al., 2015b) and the effectiveness of onboarding programs (Labuschagne and
Holmes, 2015). Overall, this can be seen as a tendency to consider contributions
not relative to other activity, as with the core and peripheral layers of the Onion
model, but in absolute terms, as with the active and passive users in the model.
Many FLOSS communities are also moving toward a more inclusive concept of
team which includes the recognition of all contributions (Vasilescu et al., 2015), in
contrast to the competitive and criticized meritocracy which was traditionally the
hallmark of FLOSS communities (Lin, 2005; Reagle, 2012; Rustad, 2011).
A third change involves both a change in perception as well as a change in
communities. In the past, all tasks were often performed by software developers,
whereas now non-coding activities such as translations and documentation are
often performed by people with the relevant expertise. Non-code contributors
are also increasingly recognized as valuable members of the community. The
Onion model does account for bug reports, but when it is viewed as a hierarchy
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of valued contributions (Jensen and Scacchi, 2007), bug reports are clearly less
significant than code contributions. The basic Onion model does not account
for non-coding activities such as project and community management, design,
marketing, governance, mentoring, translation, and planning (Carillo et al., 2017;
Jensen and Scacchi, 2007). Modern FLOSS projects rely heavily on all these
tasks which are not captured in software repositories and which were devalued
with the traditional code-centric approach (Carillo and Bernard, 2015; Nafus,
2012). There is a particular absence of scholarship on infrequent contributors which
considers non-code contributions, as all recent studies sub-dividing the periphery
have looked at developers (e.g., Lee et al., 2017; Pham et al., 2013b; Pinto et al.,
2016; Steinmacher et al., 2018).
The focus of this thesis is contributor management from the perspective of
the FLOSS community. The actor who represents the FLOSS community in this
activity is the community manager. The term community manager can refer to
a person employed by a company to act as a liaison between the company and a
FLOSS community (Michlmayr, 2009), but it can also refer to community members,
paid or unpaid, who focus on coordinating contributors within the community. In
this thesis, community manager refers to a person who coordinates contributors for
the benefit of the community. Community management includes activities such as
conflict resolution, lowering barriers to entry, welcoming newcomers, developing a
contributor retention strategy, and ensuring contributors are recognized (Mäenpää
et al., 2017; Rozas, 2017).
The changes to FLOSS communities and of the perception of contributors
suggests that studies of contributor management from the perspective of the
FLOSS community manager should:
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• Account for both paid and volunteer contributors,
• Recognize peripheral contributors, and
• Include non-code contributors.
Volunteerism is a lens which is infrequently applied to FLOSS, but which is well-
suited to the context (Crowston et al., 2012). The general volunteering literature
answers the above requirements with the concept of episodic volunteering (EV).
Episodic volunteers are defined in contrast to habitual volunteers, and are identified
by their infrequent or short-term participation (Tang et al., 2010). As previously
noted, paid developers and true volunteers display the same tractability from the
perspective of the community, and cannot be managed by fiat. For community
management problems such as bringing the contributor up to speed and ensuring
the work is useful to the community, it makes little difference how the contributor
is employed. EV also explicitly concerns itself with peripheral contributors, but
provides an alternate way to consider them: as individuals who make decisions on
how much or little to contribute. This supports the finding that participants can
shift between core and periphery over time (Amrit and van Hillegersberg, 2010;
Van Wesel et al., 2017). Finally, as it is drawn from the volunteering field where
software development is an uncommon method of contributing, EV has no inherent
bias toward considering code contributors and excluding non-code contributors.
1.2 Episodic Volunteering
If core and periphery are categories that people can shift between, why is episodic
participation worth studying as an independent phenomenon? The answer lies in the
Chapter 1
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fact that the periphery is being viewed as a monolithic group. If core and periphery
are not really distinct categories, but there is instead a continuum of ‘core-ness,’
(Crowston et al., 2006), differences, if they exist, should be pronounced at the ends
of the spectrum, which is indeed the case. Examining the online peer production
community Wikipedia, Dejean and Jullien (2015) found that the contributors who
will eventually become top contributors differ from other contributors in that they
spend less time between discovering Wikipedia and making their first contribution,
and spend more effort on their first contribution. Similar observations have been
made about FLOSS communities. People who start with an activity other than
bug reporting, who have previous development experience, or who report an issue
within the first month of their participation are more likely to become long-term
contributors (Schilling et al., 2012; Zhou and Mockus, 2015). Smaller initial patches
are associated with one-time contributors (Lee and Carver, 2017).
In the general volunteering domain, Cnaan and Amrofell (1995) proposed a
continuum of volunteer engagement ranging from the most episodic ad-hoc to the
most habitual full-time participation, as depicted in Figure 2.
Ad-hoc




A few times a week
Full-time
Figure 2: Continuum of volunteer engagement based on Cnaan and Amrofell (1995);
Cnaan and Handy (2005)
People can of course oscillate between different levels of engagement as they
balance their commitments (Bryen and Madden, 2006). However, studies have also
found fundamental differences between some episodic and habitual contributors.
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For instance, Dietz (1999) found that frequent contributors differ from those who
contribute “for a few hours or a day at most and do not return” (Macduff, 2005).
When the Volunteer Function Inventory (Clary and Snyder, 1991), which lists
six motivations—protective motives (protecting the ego from difficulties), values
(expressing altruistic and humanitarian values), career (improving career prospects),
social (developing social ties), understanding (gaining skills and knowledge), and
enhancement (improving self-esteem)—was applied, both long-term and short-
term volunteers ranked values as the most important motivation, but long-term
volunteers put enhancement and understanding second and third, whereas short-
term volunteers reversed the latter two motives (Dietz, 1999). By contrast, Hustinx
et al. (2008) found that episodic volunteers were more likely to express a value
motivation than other volunteers, and both were equally likely to mention self-
oriented motivations. They found episodic volunteers to be more idealistic, perhaps
because their short-term volunteering did not give them time to become blasé about
the repetitive aspects of the work. A further finding was that episodic volunteers
are more likely to have strong social networks outside the volunteering activity,
while habitual volunteers have stronger ties to the volunteering social network.
The general volunteering literature distinguishes episodic volunteering from
traditional volunteering not so much by the duration of service, but as part of a
trend away from collective volunteering and toward reflexive volunteering (Macduff,
2005). Collective volunteering is rooted in a communal orientation, where the
decision to volunteer is based on a sense of duty and responsibility, and the prestige
and pride which can be acquired as a result. By contrast, reflexive volunteering is
about the individual who volunteers and the opportunities that can result from
it. Potential volunteers see a field of possible opportunities for self-actualization
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and developing personal goals in the organizations seeking volunteers (Hustinx and
Lammertyn, 2003). It is this aspect of EV that led Macduff (2005) to describe it
as ‘conditional’. Reflexive volunteering is based on a particular program and the
opportunities it offers the individual (Hustinx and Lammertyn, 2003). Examples
of the relationship between self-interest and short-term participation can be seen
in Shah’s (2006) finding that need-based FLOSS participants tend to leave once
their problem has been solved.
Not only are episodic contributors in some ways different from habitual contrib-
utors, but managing them effectively also has some distinct characteristics, as is
discussed in the next section.
1.3 The Challenges of Managing Episodic Volunteering
Two problems, in particular, affect communities engaging episodic volunteers. One
is retention. Retention is clearly a matter of some interest in FLOSS communities,
based on the recent outpouring of work on why people become one-off contributors
and how new participants can be retained (e.g., (Lee, 2018; Pham et al., 2013b;
Pinto et al., 2016; Steinmacher et al., 2014a)). While an influx of new participants
is necessary for the long-term success of a FLOSS project (Park and Jensen, 2009),
retaining existing contributors is also necessary for the project to survive and
thrive (Chengalur-Smith et al., 2010; Gamalielsson and Lundell, 2014; Iriberri
and Leroy, 2009). Developers who participate in a project for an extended period
are able to accomplish tasks more efficiently and are important for the stability
of the project (Shah, 2006; Zhou and Mockus, 2010). Non-code contributors
also gain experience and become more valuable participants over time (Zhou and
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Mockus, 2015). In general, contributors who return to a project require less
training and time to contribute productively (Cnaan and Handy, 2005). Turnover
can be particularly problematic when it comes to maintaining processes, knowledge
retention, productivity, and code quality (Foucault et al., 2015; Izquierdo-Cortazar
et al., 2009; Lin et al., 2017; Robles and González-Barahona, 2006).
However, in much of the FLOSS literature, it is not so much retention as
the escalation of participation that is sought (e.g., (Dahlander and O’Mahony,
2011)). This is explicitly not what retention means in the EV literature. In the
EV literature, retention refers to a volunteer returning to the same organization
to contribute again (Bryen and Madden, 2006). It is fundamentally flawed to
assume that increased engagement is inevitable, and all participants are potential
core contributors. Contributors may not be a good fit for the organization, may
not have the time, or may prefer not to commit (Merrill, 2006; Neulinger et al.,
2016; Safrit and Merrill, 2002). Using the EV lens therefore provides an additional
benefit when studying retention in FLOSS communities, because it provides a way
to examine ongoing, low-key participation, which has been largely ignored to date.
The general volunteering literature has not identified practices for retention,
only general guidance for managing EV as shown in Table 1. Instead, research has
looked at factors associated with retention. After several isolated studies, such as
Won and Park’s (2010) study on sporting events which found that satisfaction with
the event increases intention to participate in the next event, Hyde et al. (2016)
developed the Episodic Volunteer Engagement and Retention (EVER) model with
five factors influencing intention to remain. This model is discussed in greater
detail in the next section. Further examples of the isolated studies which preceded
the model can be found in a recent systematic literature review on EV (Hyde
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et al., 2014). The EVER model was developed with data from a charity focused on
raising money for cancer research in Australia, and was not evaluated in any other
contexts. While evaluating the generalizability of the model and its appropriateness
to the FLOSS context was a possible approach for this work, the fact that EV had
not previously been considered in a FLOSS context was the reason for making the
first objective to observe and describe the current state of EV in FLOSS.
Retaining contributors can be difficult. To begin with, barriers to entry which
prevent an initial contribution can also discourage a second contribution (Stein-
macher et al., 2015a). Barriers can be particularly challenging when they are
unexpected (Hannebauer and Gruhn, 2017). Therefore, lowering barriers to entry
can be effective in encouraging retention, as a positive initial experience increases
the probability of retention (Lee et al., 2017; Steinmacher et al., 2015b). The
following practices have been proposed to aid newcomers (Steinmacher et al.,
2015b):
• Create a newcomer-specific page or portal,
• Identify and dismiss outdated information,
• Point newcomers to easy tasks,
• Keep the issue list up-to-date,
• Answer quickly,
• Be kind and make newcomers feel part of the team,
• Identify mentors or experts,
• Make it easy for newcomers to build the system locally, and
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• Document the code structure.
Another reason why retention can be challenging is that, as previously mentioned,
many factors about the decision, such as the individual’s private life, are beyond
the community’s sphere of influence (Neulinger et al., 2016). Likewise, some
attributes of the community may be impossible to influence. Projects where there
is more opportunity to gain reputation tend to attract peripheral developers, as
do larger projects (Krishnamurthy et al., 2016; Zhou and Mockus, 2015). In a
broader ecosystem, components which are heavily used will attract fewer and
shorter interactions from developers of the base project (Palyart et al., 2017).
Nonetheless, some factors which influence retention in FLOSS communities
have been identified. Satisfaction is one of the most important aspects of retention
(Wu et al., 2007). Community commitment is another important factor (Masmoudi
et al., 2013; Rullani and Haefliger, 2013), as a person who contributes out of
personal need is less likely to remain once that need has been satisfied (Shah, 2006;
Zhou and Mockus, 2015). Furthermore, the initial experiences of a participant,
such as the response rate to issue reports and the peer network affect retention
(Zhou and Mockus, 2015).
Because of the importance of retention, and the absence of work which explicitly
considers retention as it is defined within EV, two of the objectives of this work
are to identify the factors associated with retention in episodic contributors, and
to describe the practices which support retention.
After episodic contributors have been retained, the community is faced with a
second challenge: how can the community balance the cost of investing resources
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in the contributor with the value of their work (Cnaan and Handy, 2005; Faraj
et al., 2011; Krishnamurthy et al., 2016; Silva et al., 2017)?
The general volunteering literature has developed recommendations for extract-
ing value from episodic contributors, but their recommendations are largely general
guidelines, not tailored to any organization or domain. Table 1 summarizes the
advice. Meanwhile, FLOSS research has not really addressed this concern, with
the exception of Pham et al. (2013b), who recommended tasks which require
little effort, are quickly completed, have a narrow focus, and require little up-front
investment. Most researchers (e.g., (Park and Jensen, 2009; Schilling et al., 2012))
have instead taken the approach of identifying short-term contributors, with the
idea of either not investing in them, or in converting them to habitual contributors.
While identification of episodic contributors could be an important tool in the
investment evaluation, it provides no guidance on how to use the labor of episodic
contributors. The paucity of recommendations and the complete absence of specific
guidelines, tailored to the FLOSS context, justifies the identification of practices
for managing EV in FLOSS as an objective of this work.
1.4 Modeling Episodic Volunteering
One EV model exists, the EVER model, which was introduced in the previous
section (Hyde et al., 2016). The EVER model proposes five concepts associated EV
retention. The concepts are classified as ‘Antecedents’ (Motives, Social norm, and
Psychological sense of community) or ‘Experiences’ (Satisfaction and Organizational
commitment). The concepts affect ‘Consequences,’ which is Intention to remain,
grouped by tenure of < 2 years (novice), 2 − 4 years (transition), and 5 − 6 years
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Table 1: Recommendations from the general volunteering literature on EV man-
agement
Source Practice
Macduff (1990) Tasks which can be broken into small parts; tasks which
interrupt the work of habitual volunteers
Cnaan & Handy
(2005)
Ongoing activities which do not require skilled labor; a
volunteering strategy sees work that needs to be done and
thinks of how to motivate multiple people to do it
Bryen & Madden
(2006)
Work which requires specialist knowledge but not detailed
knowledge of the organization
Meijs & Brudney
(2007)
Episodic volunteers can have specialized or generic assets
but always have low availability; Identify volunteers’ assets,
volunteers’ availability, and organization’s possible
assignments to identify matches
(sustained). EV Retention is the consequence of Intention to remain. Figure 3
reproduces the EVER model. Arrows indicate influence. For example, Satisfaction
affects Intention to continue volunteering for all stages of tenure, while Motives
only affects Intention to continue volunteering in novices. The influence can be
positive or negative, hence the arrows are not marked with regard to the type of
influence.
The EVER model (Hyde et al., 2016) is based on two other volunteering models,
the Three-stage model of volunteers’ duration of service (Chacón et al., 2007)
and the Volunteer process model (Omoto and Snyder, 2002; Snyder and Omoto,
2008). These models both concern volunteering , and are not specific to episodic
volunteering.
The Three-stage model of volunteers’ duration of service contributes the idea
of tenure. It proposes that Satisfaction, Organizational commitment , and Role
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Figure 3: The EVER model reproduced from Hyde et al. (2016)
identity influence each other, and also affect Intention at 6 months, 1 year, and
2 years of tenure. These in turn affect actual retention, 6 months in the future
and 12 months in the future. Figure 4 shows the main aspects of the Three-stage
model of volunteers’ duration of service. The key aspect of this model is the link
between Intention to Actual time volunteering, which was demonstrated in the
study. Whereas in the EVER model concepts are independent but able to affect
Intention to continue volunteering regardless of tenure, here each concept affects
Intention at one tenure point, but concepts influence one another.
The Volunteer process model (Omoto and Snyder, 2002; Snyder and Omoto,
2008) identifies levels of analysis (Individual, Interpersonal/Social group, Agency/
organization, and Societal/cultural context). For each level of analysis, concepts
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Figure 4: The Three-stage model of volunteers’ duration of service adapted from
Chacón et al. (2007)
associated with the volunteer process are given, divided into phases of the process:
Antecedents, Experiences, and Consequences. The EVER model adopts these
phases of the volunteering process and focuses on the Individual level of analysis.
Table 2 replicates the Volunteer process model.
Because the EVER model is the only model explicitly dealing with EV, it was
used as the inspiration for some of the studies presented in this thesis. However,
some limitations in the EVER model led to the use of a different, but related model
in this thesis. This reasoning is described in Section 3.1.2.
2 Scope of Current Work
In order to fully define the scope of the current work, it is necessary to put
EV into context with related concepts: peripheral developers, newcomers, quasi-
contributors, and one-time contributors. Chapter 2 contains a detailed comparison
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Table 2: The volunteer process model replicated from Snyder and Omoto (2008)
Levels of Analysis














































of the differences and similarities between the core/periphery lens from the Onion
model, and the habitual/episodic one from the general volunteering literature.
Therefore, the next section will elaborate on how episodic contributions fit with
related terms relating to the frequency of participation before describing the
objectives which guided this research.
2.1 Quasi-contributors, One-time contributors, and New-
comers
There are a number of different terms in use which describe contributors on the
basis of how frequently they have contributed. Figure 5 shows the relationship
between several of these terms, which are also defined in Table 3. The diagram
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uses the concept of a funnel of escalating involvement and diminishing numbers
at each stage (Chacón et al., 2007). Stages within the funnel are depicted as
trapezoids, or in the case of the two final stages, as a trapezoid divided in half.
White rectangles show actions which (potentially) trigger movement to a deeper
stage in the funnel. Dark rectangles with curved corners indicate attrition: people
who leave the community rather than progressing to the next stage of the funnel.
Finally, the shaded areas ‘episodic contributor’ and ‘newcomer’ show how terms
which do not fit in the funnel concept relate to portions of the funnel diagram.
At the top of the funnel is a pool of people who intend to contribute, which
are called prospective contributors in the diagram. Once a prospective contributor
attempts a contribution, the contribution might be accepted or rejected. If the
contribution is rejected and the person subsequently quits, they are a quasi-
contributor. Steinmacher et al. (2018) define quasi-contributors as “developers who
have only nonaccepted contributions to a given OSS project.” This is a code-centric
definition, useful for the research method used in the paper but limited when
non-code contributions should also be considered. For instance, if a person wrote a
detailed bug report and submitted a patch, which was subsequently rejected, this
definition would label the developer a quasi-contributor. Yet the bug report could
be a useful contribution in its own right, bringing the issue to the attention of other
developers, even if the patch was deemed a non-optimal solution to the problem.
Consequently, in this work, the definition from the literature is taken for quasi-code
contributors, while a broader definition is adopted for quasi-contributors: people




Figure 5: The contributor funnel
If a contribution is accepted, but the participant subsequently leaves the project
without any further successful contributions, they become a one-time contributor.
Lee et al. (2017) define the ‘one-time (code) contributor’ in their paper as “a
peripheral developer who has had exactly one code contribution (i.e. a patch)
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accepted in that project.” By clarifying that this definition applies to developers,
the concern of code-centricity is bypassed. However, a definition for one-time
contributors is still required, and in this research their definition has been modified
accordingly in Table 3. One-time contributors are also known as drive-by committers
or casual contributors when their contributions are small and involve minimal
engagement (Pham et al., 2013a; Pinto et al., 2016).
Table 3: Terms associated with the contributor funnel
Term Definition
Quasi-contributor A person who has attempted to contribute to a FLOSS
project but has not had any contributions accepted
One-time
contributor
A contributor who has had only one contribution
accepted in a FLOSS project
Newcomer A person who is engaging with the community but who
has not yet absorbed the social and technical
norms of the community
Episodic
contributor








An episodic contributor who returns to multiple
assignments with the organization
The term newcomer is applied to people who have not yet absorbed the social
and technical norms of the community (Steinmacher et al., 2013; Steinmacher et al.,
2014b). It therefore encompasses several stages of the contributor funnel. A person
ceases to be a newcomer either after repeated contributions when they become
familiar with the norms and processes of the community, or if they leave before
reaching that point. Onboarding is the process by which newcomers are integrated
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into the community. Onboarding may involve trying to make a more attractive
environment for newcomers (Steinmacher et al., 2014a), or it may involve a more
formal program, for instance with mentors (Labuschagne and Holmes, 2015).
Episodic contributors are those whose participation is short-term, erratic, and
conditional (Macduff, 2005; Tang et al., 2010). The term includes one-time contrib-
utors as well as those who continue contributing, albeit infrequently and for short
periods. Returning episodic contributors are a subset of episodic contributors of
particular interest, as described in Section 1. When a person continues contributing
after the first successful contribution, they become either a returning episodic or a
habitual contributor. Bryen and Madden (2006) define the returning episodic con-
tributor as an episodic contributor who “returns to multiple assignments with the
organization.” Habitual contributors are those whose participation is “continuous
or successive” (Harrison, 1995). Both episodic and habitual describe the current
behavior of the participant, who may increase or decrease engagement over time.
2.2 Objective
As described in Section 1.1, FLOSS scholarship can benefit from an approach
which accounts for both paid and volunteer contributors, recognizes peripheral
contributors, and includes non-code contributors. EV is a lens which can address
these points. Furthermore, the primary challenges of managing EV are encouraging




Establish and evaluate how the retention and management of
episodic volunteering in free/libre/open source software com-
munities could be improved.
The objective of this thesis can be expressed as four goals, which are addressed
by the chapters as indicated below:
• Observe how EV is understood and managed within FLOSS communities
(Chapter 2, Chapter 4),
• Identify and evaluate factors associated with retention among episodic volun-
teers (Chapter 2, Chapter 3),
• Identify and evaluate practices associated with retention among episodic
volunteers (Chapter 2, Chapter 4), and
• Identify and evaluate practices associated with EV management (Chapter 4).
The way in which these goals are expressed in each paper can be found in
Section 4.
3 Research Method
3.1 Selection of Research Methods
Selecting a research method for software engineering research can be difficult because
it is a multi-disciplinary field, allowing for a wide range of research techniques
(Easterbrook et al., 2008). Each technique has its strengths and weaknesses, but
the use of complementary methods allows the researcher to examine the problem
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from different angles and compensate for limitations (Creswell and Creswell, 2002).
Accordingly, this research incorporates three different research methods. The
following section describes the methods which were chosen and explains why they
were selected. Implementation details are provided in each chapter.
3.1.1 Building Theory from a Qualitative Survey
Concepts drawn from the literature on volunteering have rarely been applied in
a FLOSS context, although the lens seems particularly relevant given the origins
of FLOSS (Crowston et al., 2012). Consequently, this study treats the novel
application of a general volunteering concept to FLOSS as an exploratory study.
Exploratory studies only allow weak conclusions to be drawn, but aid in the
formulation of hypotheses which can be subsequently tested (Kitchenham et al.,
2002).
Exploratory studies are often conducted using qualitative methods, although
this is not a requirement (Flyvbjerg, 2006). Qualitative methods are generally
chosen when the objective is to understand the perspectives of participants in their
own words (Jansen, 2010).
The method which was selected was the qualitative survey, which “analyses the
diversity of member characteristics within a population” (Jansen, 2010). Where
the quantitative survey is based on statistical analysis of close-ended questions, the
qualitative survey allows for the investigation of detailed questions and is suited to
the exploratory research (Andersson and Runeson, 2002).
Theory development does not necessarily mean that the researcher begins
without some understanding of relevant theories in mind. Indeed, starting with a
rough theory can help with the design of the research question and interpretation of
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the data, preventing the researcher from becoming overwhelmed with data (Collins
and Stockton, 2018; Reeves et al., 2008). In this research, the five concepts of the
EVER model (Hyde et al., 2016) were adapted to a FLOSS context to create a
“framework for studying episodic volunteering in FLOSS.” These concepts were
used as the basis for a theoretical thematic analysis of the data (Braun and Clarke,
2006).
3.1.2 Theory Evaluation with a Quantitative Survey
In the previous study, there was sufficient evidence to consider the five concepts
associated with the retention of episodic volunteers plausible in a FLOSS context.
Consequently, the next step was a confirmatory study on the model which emerged.
Quantitative methods are appropriate when the theory being evaluated can be
clearly expressed as testable hypotheses.
Although the previous study made use of concepts derived from the EVER
model (Figure 3) (Hyde et al., 2016), the decision was made to develop a related,
but not identical model. Specifically, the model would contain only what would be
evaluated. First, the phases of the process were dropped. These were not evaluated
in the EVER model and could not be evaluated in a FLOSS context, either. Second,
EV Retention was dropped. While it has been shown that intention to remain is
a good predictor of actual retention (Chacón et al., 2007), a longitudinal study
would be required to replicate this finding. The EVER model is not based on a
longitudinal study, and the proposed FLOSS study was not longitudinal, either.
Third, tenure was treated as a potential moderating factor. In introducing the
EVER model, Hyde et al. (2016) noted that tenure categories were specific to
their study and might vary in other contexts. Therefore it was considered more
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accurate to include tenure as a potential moderating factor, along with other
factors proposed in the literature. Fourth, the construct Motives was simplified to
Contributor benefit motives . In the EVER model, the construct is more complex
than it appears in the diagram. It consists not only of contributor benefit motives,
which are expected to have a positive effect on intention to continue volunteering,
but also other motives, some of which are expected to have a negative influence.
Figure 6 provides a visual representation of the proposed model of EV retention
in FLOSS. Each oval depicts a construct, also known as a latent variable. Five of
the constructs—contributor benefit motives, social norms, psychological sense of
community, satisfaction, and community commitment—are independent variables
positively correlated with the sixth construct, a dependent variable, intention to
remain. This relationship is shown with arrows labeled with a plus sign.
One important aspect of this research was to include FLOSS participants
engaged in all manner of tasks within the project. This ruled out the possibility of
applying archival methods, which offer excellent insight into software development,
but fail to gather many other forms of engagement. Consequently, a survey was
selected. Surveys are used to understand the characteristics of a population in
order to generalize about the group (Easterbrook et al., 2008).
Because FLOSS contributors are subjected to a number of surveys, a relatively
low response rate was expected. Furthermore, a quantitative survey can only
evaluate a previously defined model and cannot explore alternate explanations.
Because of the disadvantages of the quantitative survey, as well as its strengths




Figure 6: A model of the retention of episodic contributors
3.1.3 Theory Refinement using a Delphi Study
There were two main outcomes from the initial qualitative interview study. The
first was a model of EV retention which was evaluated in the next study using a
quantitative survey. The second was a number of proposed practices for managing
EV in FLOSS. This research was planned to extend the proposed practices and,
where possible, to validate the use of practices. Inherent in this objective was an
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understanding that the situation of EV in FLOSS had changed significantly since
the qualitative interview study was conducted. While few people had heard of
episodic volunteering when this thesis was initiated, at the time the Delphi study
was begun, community managers were asking for advice on managing EV.
In general, qualitative studies are good at exposing the complexities of human
behavior (Seaman, 1999), making a qualitative approach the best option for
extending the list of practices. A Delphi study was chosen because it can collect
the subjective understanding of an expert group (Miller, 2006; Turoff, 1970). A
Delphi study works on the understanding that multiple experts can more readily
arrive at valuable information than individuals (Dalkey and Helmer, 1963; Weaver,
1971). It can be used to speculate on possible solutions (Linstone and Turoff, 2002)
in addition to gathering the collected wisdom of the group. A Delphi study thus
offered the potential to explore possible practices, as well as to identify ones which
are already in use.
Obviously a Delphi study does not allow for the same level of generalization
as a more quantitative approach. However, with a diverse group of participants
and multiple rounds, the problem domain can generally be well-explored (Delbecq
et al., 1975).
3.2 Conduction of the Research
A simplified diagram of the research process is shown in Figure 7. This figure shows
the main method of research and the relationship between each chapter. Each
research chapter is shown as a large, shaded square with curved corners. Within
each research chapter, activities associated with that chapter are shown in white
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rectangles. Arrows are used to indicate that the output of one activity was an
input for a subsequent activity. As the research progressed, the body of knowledge
increased, as demonstrated by the increasing size of each chapter square.
Figure 7: The research process
The research was inspired by my personal experience of both participating in
and supervising volunteers in a FLOSS community for a number of years. Although
I worked as a software developer at the time, I primarily contributed in conference
organization, documentation, and presenting at conferences. These experiences
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made me interested in considering non-code tasks within FLOSS communities,
and volunteer management. Informed by my experience, I began to read the
volunteering literature to determine if it was applicable to the FLOSS context. EV
seemed like an excellent fit for my personal experiences of both contributing and
managing other volunteers. From this I developed the objectives of my research: to
apply the general volunteering literature on EV to a FLOSS context with particular
emphasis on including non-code contributors, and to improve the understanding of
how to manage EV in FLOSS.
The first step, after absorbing the existing work on EV and FLOSS was to
perform an exploratory study to assess the current state of EV in FLOSS. From
this study I wanted to understand if the concept of EV could be fitted to the
FLOSS context, and the current state of EV in FLOSS: how it was perceived and
how it was being managed.
The exploratory study showed that the EV concept could be used to effectively
describe observations of FLOSS communities, even if community members were not
explicitly considering EV management. With this promising finding, I determined
that the next step was to evaluate the model of EV retention which had guided the
analysis in the second chapter (first study). In the third chapter (second study) I
expressed the model as five testable hypotheses which were evaluated with data
collected through a quantitative survey.
In the second chapter I proposed a number of practices based on the intersection
between practices proposed by the EV literature and existing FLOSS practices,
explained with reference to the factors associated with EV which were used in
the analysis. The fourth chapter (third study) was a way to extend the proposed
practices based on the collected wisdom of community managers, as well as to
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confirm if some practices were in use in FLOSS communities for the purpose of
managing EV. The fourth chapter was a Delphi study, intended to allow community
managers to both exercise their imagination as well as to converge on known
solutions.
The third chapter also informed the fourth chapter. Three concepts associated
with the retention of episodic volunteers in FLOSS were confirmed, while two were
not. Based on the performance of the model, I decided not to fit the practices
to the explanatory model, but to classify them from a more practitioner-oriented
standpoint. This proposed a different approach to studying EV in the future: to
focus on different phases of the volunteer’s engagement separately.
The fourth chapter was also influenced by personal observations. Software devel-
opment in general and FLOSS communities—often driven by software developers—
in particular are fast-changing environments. Between the second and the fourth
chapter, I described my research to practitioners at a number of conferences (Linux
Conference Europe 2017, RedHat Community Manager meeting 2018, PyCon CZ
2018, and London Perl Workshop 2018) and wrote two practitioner articles (Bar-
comb, 2017; Barcomb, 2019). In my interactions at these conferences I noticed that
the EV concept was becoming much more familiar and that community managers
were interested in what they could do to more effectively manage EV. The academic
literature also showed increasing interest in related topics: newcomers, one-time
contributors, failed contributions, and peripheral contributions. The Delphi study
was therefore, in part, a way of updating the information provided in the second
chapter.
Together, the practices from the second and fourth chapter provide guidance
for community managers. The third chapter helps evaluate the relevance of the
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factors which were used in the second chapter. The result is a description of EV in
FLOSS, a model of factors associated with retention, and a collection of practices
associated with the retention and management of episodic contributors in FLOSS.
3.3 Validity of the Results
Each research method has its limitations and strengths. In the best software
engineering tradition, this thesis uses a mix of research methods to get a different
perspective of the larger problem.
The two qualitative studies followed the approach recommended by Guba (1981)
who proposed four measures of trustworthiness: credibility, transferability, depend-
ability, and confirmability. One of the key ways of guarding against confounding
effects and ensuring credibility is through member checking. Delphi studies by
design share the developing theory with research participants, allowing for imme-
diate and regular corrections if the researcher’s conclusions are implausible. The
qualitative survey was also extensively subjected to member checking with the
number of times the incomplete findings were presented at practitioner conferences.
All but one talk was by invitation, which suggests that the theories being expressed
resonated with a number of people. Several times people came to me after I
spoke to say that they had observed what I described but had lacked the common
vocabulary to discuss it with others. Internal validity is the complementary term
for credibility from the quantitative side. In addition to sharing the results of the
quantitative survey in a practitioner article (Barcomb, 2019), I performed a number
of statistical checks on the data to evaluate internal validity, including internal
consistency reliability and unidimensionality.
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Transferability, also known as external validity or generalizability can be difficult
to assure in a qualitative study. Guba (1981) recommends purposive sampling as
one of the ways to improve transferability. In both the qualitative survey and the
Delphi study participants were selected to include a diverse group of individuals,
representing a number of different communities. Thus, there is reason to believe
that factors which were found in common in such different circumstances are
widespread among FLOSS communities. Likewise, the quantitative survey covered
a broad range of communities, and was compared to other related data sets.
Dependability, or reliability, is established with a clear audit trail in qualitative
cases. Data and incremental analysis steps were preserved in a Git repository,
making it possible to reconstruct the process. The quantitative study relied on
a thorough evaluation of the measurement model, including tests for convergent
validity and discriminant validity.
Finally, confirmability, or objectivity is achieved by demonstrating neutrality.
Triangulation is the suggested method of ensuring objectivity in qualitative studies.
In the second chapter, investigator triangulation was used through collaboration
with a second coder. In the fifth chapter, objectivity was primarily established
through the feedback loop with participants. In the third chapter, I carefully
defined the model in advance and followed the approved methods for modifications
to the model, such as dropping indicators. The clustering results were presented as
speculative, since they were drawn from unknown factors within the data.
Although the view presented of EV in FLOSS is incomplete, there is reason
to believe that the accuracy of the findings at the time of the study, and that the




The main contributions of this research are shown in Table 4, which also summarizes
the research methods employed. Each contribution is described in more detail
below.
Table 4: Contributions, research methods and chapters
Contribution Research Methods Chapter
Describing the current state of EV in FLOSS
using a framework of factors associated with





Evaluating a theoretical model of retention





Identifying an extensive collection of prac-
tices designed to address specific problems
described by community managers, for man-
aging EV in FLOSS, and validating a subset




1. Describing the current state of EV in FLOSS using a framework of
factors associated with retention, and proposing practices aligned
with the factors.
A qualitative survey was performed to gather information about how episodic
volunteers are perceived in FLOSS communities, and what practices could be
used to manage EV. The research objectives addressed were as follows:
(a) Describe how retention in FLOSS episodic volunteers relates to five
concepts associated with EV retention.
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(b) Identify the current state of practices for EV retention used in FLOSS
communities.
The study showed the following:
(a) EV is widespread in FLOSS, although FLOSS communities are not
focused on EV retention or managing episodic volunteers.
(b) Episodic volunteers in FLOSS communities are engaged in a wide range
of activities.
(c) Contributor motivation, social norms, psychological sense of community,
satisfaction, and community commitment together provide a framework
which can be helpful for analyzing EV in FLOSS.
2. Evaluating a theoretical model of retention among episodic volun-
teers in FLOSS communities.
A quantitative survey was used to evaluate a theoretical model of the retention
of episodic volunteers in FLOSS communities. Figure 6 shows this model.
The hypotheses explored in this study were as follows:
(a) Contributor benefit motivations are positively associated with intention
to remain among FLOSS episodic volunteers.
(b) Social norms are positively associated with intention to remain among
FLOSS episodic volunteers.
(c) Psychological sense of community is positively associated with intention
to remain among FLOSS episodic volunteers.




(e) Community commitment is positively associated with intention to remain
among FLOSS episodic volunteers.
The contributions of the research were as follows:
(a) A theoretical model of episodic volunteer retention in FLOSS with the
factors contributor motivation, social norms, psychological sense of com-
munity, satisfaction, and community commitment was explicitly defined.
Three of these constructs (social norms, satisfaction and community
commitment) were positively associated with volunteers’ intention to
remain.
(b) The moderating effects of age, gender, tenure, and contribution type
were explored. Of these, only gender showed any indication of being
relevant, but there was insufficient data to draw conclusions.
(c) An exploratory clustering of unobserved heterogeneity identified four
distinct categories of volunteers: satisfied, classic, social, and obligated.
3. Identifying an extensive collection of practices designed to address
specific problems described by community managers, for managing
EV in FLOSS, and validating a subset of practices as in use.
A Delphi study was used to extend the best practices identified in the first
study and to discover which ones were in use. The study addressed the
following research questions:
(a) What concerns do community managers have about EV?
(b) Which practices do community managers envisage could be used to
manage episodic contributors in FLOSS?
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The outputs of the study were as follows:
(a) A prioritized list of 16 EV community manager concerns;
(b) An extensive handbook of practices which might be used to manage
EV (74% are being used by at least three community managers), which
includes connections to the concerns previously identified, as well as
relationships between practices; and
(c) Workflows proposed by community managers which demonstrate how
practices can be combined.
5 Summary and Discussion
The prevailing model for understanding the structure of FLOSS communities is the
Onion model. However, the Onion model is a code-centric approach which is not
well-suited to studies which include non-code contributors. The growing importance
of non-code contributions, recent studies of sub-groups within the periphery, and
the increase in paid developers are all factors which should be accounted for in any
evaluation of FLOSS communities.
EV, which is drawn from the general volunteering literature, is a potential lens
for focusing on the periphery, which does not exclude non-code contributors and
which, because it uses the perspective of the community, sees all participants not
hired by the project as ‘volunteers’.
Infrequent contributors bring two challenges to communities. The first is how
to encourage retention, which is more valuable to the community than a steady
stream of one-off contributors. The second is how to extract sufficient value from
Chapter 1
38
their contributions to account for the time which is invested in training them and
in incorporating their work.
The primary purpose of this research is to evaluate how the management of EV
in FLOSS communities could be improved. This is addressed through four goals:
• Observe how EV is currently understood and managed,
• Identification and evaluation of factors associated with retention,
• Identification and evaluation of practices associated with retention, and
• Identification and evaluation of EV management practices.
This thesis makes use of multiple research techniques to provide different
insights. First, a theory was constructed from a qualitative survey, which resulted
in a description of the current state of EV in FLOSS, using a framework of factors
associated with retention. Practices for EV management which aligned with these
factors were also proposed. Second, a quantitative survey was used to evaluate
the theoretical model of retention proposed by the previous research. In the next
chapter, a Delphi study, the practices of the first study were extended into a
handbook of EV management practices, some of which were confirmed to be in use.
Additionally, community managers’ specific problems with EV were identified.
6 Structure of this Thesis
The remainder of this thesis contains three research chapters as shown in Figure 7,
followed by a conclusion. Chapter 2 presents a qualitative survey of the state
of EV in FLOSS. A framework of five factors associated with the retention of
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episodic volunteers is used to analyze and present the findings. Potential practices
for managing EV in FLOSS are proposed. Chapter 3 evaluates the model of EV
retention in FLOSS implied by the second chapter. A quantitative survey is used
to test the five hypotheses of the model. Chapter 4 extends the list of possible
practices into a handbook using the Delphi method. Additionally, information
is gathered on practices which are currently in use, and the concerns which are
addressed by the practices are listed and ranked.
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Free/Libre and Open Source Software (FLOSS) communities are composed, in
part, of volunteers, many of whom contribute infrequently. However, these infre-
quent volunteers contribute to the sustainability of FLOSS projects, and should
ideally be encouraged to continue participating, even if they cannot be persuaded
to contribute regularly. Infrequent contributions are part of a trend which has
been widely observed in other sectors of volunteering, where it has been termed
“episodic volunteering” (EV). Previous FLOSS research has focused on the Onion
model, differentiating core and peripheral developers, with the latter considered as a
homogeneous group. We argue this is too simplistic, given the size of the periphery
group and the myriad of valuable activities they perform beyond coding. Our
exploratory qualitative survey of 13 FLOSS communities investigated what episodic
volunteering looks like in a FLOSS context. EV is widespread in FLOSS commu-
nities, although not specifically managed. We suggest several recommendations
for managing EV based on a framework drawn from the volunteering literature.
Also, episodic volunteers make a wide range of value-added contributions other
than code, and they should neither be expected nor coerced into becoming habitual
volunteers.
1 Introduction
Free/Libre and Open Source Software (FLOSS) projects are playing an increasingly
important role in the software industry. Since the term “Open Source” was coined,
FLOSS has become a critical asset to many firms. FLOSS products are not only
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used as essential parts of firms’ infrastructure (e.g. Apache webserver), but firms
now strategically engage with FLOSS projects on a large scale (Lundell et al., 2006;
Fitzgerald, 2006). This increased dependency on FLOSS projects has important
consequences for how firms engage with FLOSS communities. Although most
FLOSS projects are small (Krishnamurthy, 2002), it is big projects which attract
companies (Bonaccorsi et al., 2007). In such communities, the perceptions of the
community and the retention of its members are critical to the project’s long-term
sustainability (Gamalielsson and Lundell, 2014). Clearly, in order to ensure long-
term sustainability of their product offering, firms must manage the dependency
on FLOSS projects by understanding the projects’ communities.
Traditionally, the FLOSS literature characterizes contributors based on the
quantity of their outputs or formal role in the community. The Onion model (see
Fig. 1) (Nakakoji et al., 2002; Crowston et al., 2004) divides participants into
categories, or layers, based on the quantity of their contributions. Core developer
generally describes the most prolific developers who collectively contribute 80% of
the source code, but it is sometimes used as a synonym for committer, a person
who has the authority to incorporate changes directly into the main development
branch (Mockus et al., 2002; Maass, 2004). Contributors who are not part of the
core are called associate (Yu and Ramaswamy, 2007), co-developers (Crowston and
Howison, 2005), or peripheral developers (Zhang and Storck, 2001).
Most research on FLOSS projects has focused on core developers, which can be
justified by the fact that core developers make the most significant contributions
in terms of lines of code. The number of top contributors reported can vary
significantly, but they tend to be relatively few in number (Ghosh and Prakash,
2000). Some reported examples are 15 or fewer people (Mockus et al., 2002), less
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than 25% of contributors (Dinh-Trong and Bieman, 2005), approximately 20%
of contributors (Goeminne and Mens, 2013), and less than 10% of contributors
(Geldenhuys, 2010). Regardless of the exact size of the core, the range of examples
makes it clear that top contributors make up the minority in projects with many
contributors.
While the strong focus on long-term and core developers (e.g. (Zhou and
Mockus, 2015)) can be justified when looking at the quantity of contributions,the
periphery actually represents a large proportion of FLOSS communities, but has
not been studied in any great detail. We do know that peripheral developers
are associated with a number of significant benefits: for example a high level
of innovation potential, improving software quality, and developing new features
(Lakhani, 2006; Capiluppi and Michlmayr, 2007; Masmoudi et al., 2009; Rullani and
Haefliger, 2013; Neulinger et al., 2016). Furthermore, peripheral developers come
with extensive external social networks that are important for the sustainability of
FLOSS projects (Wang, 2012).
Although one-off peripheral contributors are widespread (Pinto et al., 2016),
there are also those who continue to participate and form long-lasting relationships
with the project, contributing to its longevity (Iriberri and Leroy, 2009; Lee et al.,
2017). Recent attempts to disambiguate the periphery have considered the frequency
of participation rather than the division of tasks within the community (Lee and
Carver, 2017; Pinto et al., 2016), which is precisely how we propose to distinguish
contributors. To examine the factors and practices of continuing engagement
among peripheral contributors, we draw on the general volunteering literature,
and adopt the concept of Episodic Volunteering (EV). EV is a form of ‘new’ or






Figure 1: The Onion model of FLOSS engagement adapted from Crowston et al.
(2004)
preferences rather than a sense of communal obligation (Nunn, 2000; Safrit and
Merrill, 2002; Hustinx and Lammertyn, 2003). This is in contrast to the collective
style of volunteering, where volunteering is considered an integral part of community
life (Hustinx and Lammertyn, 2003). EV is marked by short-term, erratic, and
conditional participation (Macduff, 2005; Tang et al., 2010), ranging from one-
off contributions to infrequent or short-term engagement. EV thus explicitly
includes returning, emotionally committed contributors who nonetheless participate
infrequently. Episodic volunteers are distinguished from habitual volunteers, whose
contributions are “continuous or successive” (Harrison, 1995). There are varying
definitions for the boundary between episodic and habitual (e.g., (Smith et al.,
2006; Macduff et al., 2009)), but in this paper we define habitual as either frequent
(10 or more substantial contributions in a year) or of a sustained duration (two or
more contributions of any size in a month, for six consecutive months).
Unlike the peripheral developer in the Onion model, EV describes individuals
on the basis of their contributions, irrespective of the activity of the community as
a whole. The EV literature suggests that most organizations are ill-prepared to
manage episodic volunteers because their administration is based on traditional
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best practices for volunteer management (Hager, 2013), which assume habitual en-
gagement. Identifying practices for engaging episodic volunteers and incorporating
their work is therefore of keen interest.
Another key challenge in the EV literature is volunteer retention. Retention
refers to episodic volunteers returning to the same cause multiple times to volunteer
again. This does not suggest these volunteers become habitual. For example, a
volunteer who contributes two times a year for a decade would be an episodic vol-
unteer, albeit a long-term one, due to the low frequency of contributions. Retention
is desired because returning volunteers require less orientation and training than
newcomers (Cnaan and Handy, 2005).
Although FLOSS communities now incorporate significant numbers of paid
developers (Riehle et al., 2014), these are rarely employees of a FLOSS community
or foundation, but are typically hired by external companies. Thus FLOSS commu-
nities cannot use traditional incentives to influence the developer, but must instead
rely on the same mechanisms which are used to manage volunteers (Dahlander and
Magnusson, 2005; Ågerfalk and Fitzgerald, 2008). As FLOSS project management
becomes less ad-hoc and more professional (Fitzgerald, 2006), it more closely
resembles other large non-profit organizations, where volunteer management is
handled by paid staff members (Hager and Brudney, 2004). Paid staff members
and contributors who are paid directly by the firm or foundation to fix bugs or
develop features cannot be considered volunteers.
We observe a number of shortcomings in the FLOSS literature. First, the
dichotomous distinction between core developers on the one hand and peripheral
developers on the other is too simplistic. The periphery has mostly been considered
a homogeneous group of participants—a “black box”—while in actual fact, the
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periphery consists of many different types of contributors with different contribution
patterns. There is a fundamental difference between one-off contributors and
returning contributors in terms of contribution sizes and patch acceptance rates
(Lee and Carver, 2017), and between long-term and short-term participants in
terms of motivations (Shah, 2006). Second, as a consequence of the dichotomous
distinction between core and periphery, most research has focused on the core,
ignoring the contributions made by peripheral contributors. However, by definition,
the periphery represents a much larger proportion of people in FLOSS communities.
In order to better leverage the potential of this group of contributors, we need to
develop a greater understanding of these contributors. Third, much of the research
on participation in FLOSS has focused on software development, ignoring the
many other activities which contribute to software releases or to sustaining the
community, such as translation, and the organization of conferences (Carillo et al.,
2017). These non-code-centric activities are extremely important for the well-being
of a project (Carillo et al., 2017).
Given these shortcomings, our goal is to develop a better understanding of the
episodic volunteering phenomenon in FLOSS projects. Specifically, our study had
two primary objectives:
1. Describe how retention in FLOSS episodic volunteers relates to five concepts
associated with EV retention;
2. Identify the current state of practices for EV retention used in FLOSS
communities.
In our study, we conducted a qualitative survey spanning 13 different FLOSS
communities. Among other findings, we observe that:
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Table 1: Comparison of Core/Periphery lens versus Habitual/Episodic lens in
FLOSS communities
Core / Peripheral lens Habitual / Episodic lens
Common
Definition
Core developers are the participants who
contribute approximately 80% of the code.
Peripheral developers are the remaining
participants who contribute about 20% of
the code.
Habitual volunteers make continuous or
successive contributions. Episodic
volunteers contribute infrequently and/or




Considers both volunteer participants and
paid developers, either employed by a
company or sponsored for a specified set of
tasks.
Considers all participants who are not
directly employed or sponsored by the
FLOSS foundation or FLOSS vendor for




Typically used to describe software
contributions, sometimes used to describe
other electronically documented activities
such as mailing list discussion.




community management, events, and
economic support.
• EV is widespread among FLOSS communities, and episodic volunteers are
engaged in many different tasks;
• FLOSS communities are not currently focused on EV retention or using
management practices more compatible with EV; and
• Contributor motivation, social norms, psychological sense of community,
satisfaction, and community commitment are relevant factors in EV retention,




Since FLOSS projects were first studied in the late 1990s, there have been a
number of significant developments in how FLOSS communities have evolved.
Early studies of the FLOSS phenomenon made a distinction between core and
peripheral developers. Even today, many studies use this dichotomy to characterize
FLOSS community members (Crowston and Shamshurin, 2017).
Our research examines FLOSS communities as a type of volunteer organization
(henceforth called ‘organization’). Communities can be organized around an indi-
vidual project, a foundation, or a vendor (see Fig. 2 for examples). Crowston et al.
(2012) describe FLOSS as an example of a self-organizing, distributed team, where
participants contribute to FLOSS projects as one of many activities, and can be
viewed as volunteers, even if they are remunerated. Traditional volunteering does
not preclude online, distributed volunteering (Cravens, 2006), and FLOSS is some-
times given as an example of this type of volunteering. Yet FLOSS communities
are, surprisingly, rarely viewed as volunteer organizations. Therefore, we contrast
this alternative view of FLOSS communities as volunteer organizations with the
traditional view that distinguishes between peripheral and core developers (see
Table 1).
Definition. Although there is significant overlap between habitual volunteers
and core contributors on one hand, and between episodic volunteers and peripheral
contributors on the other hand, there are several differences between them. First,
the terms derived from the volunteering literature refer to the duration and frequency
of an individual’s participation, whereas the traditional terms describe the quantity
of contributions as a proportion of the total contributions.
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Nature of Participants. Second, with an increasing involvement of compa-
nies in FLOSS communities, contributors may include paid contributors, who can
be difficult to distinguish from volunteers (Riehle et al., 2014). The definition of
‘volunteer’ can actually be blurry in both the volunteering and FLOSS contexts. In
FLOSS communities, paid developers are not usually employed by the community
they contribute to, but by a company which offers their labor in expectation of
economic benefit. From the perspective of the community, they may be indistin-
guishable from volunteers. Likewise, in traditional volunteer organizations, it is not
always clear whether people motivated by employer pressure, mandatory national
service, court-mandated service, or résumé building should be considered volunteers
(Safrit and Merrill, 2002; Merrill, 2006; Handy and Brudney, 2007), yet it is not
always possible for an organization to separate compulsory participation from vol-
unteering. Participation without monetary reward, which is the cornerstone of most
definitions of volunteering, is not always part of how the term is used in practice,
as some volunteer programs may offer stipends (Merrill, 2006). For these reasons,
in our alternative view using the habitual/episodic lens of volunteers, community
managers cannot distinguish paid developers from ‘true’ volunteers. Hence, we
use the term ‘volunteer’ in the broadest sense, to mean a participant engaged in
any form of FLOSS contribution, but not directly employed or sponsored by the
FLOSS foundation or vendor for the project to which they contribute.
Nature of Contributions. Finally, non-code contributors are frequently
excluded from analysis of FLOSS communities (Carillo et al., 2017). Describing
activities observed in the Drupal community, Rozas (2017) listed 10 categories of con-
tributions: source code, documentation, translation, design, support, evangelizing,
mentoring, community management, events, and economic support. Nonetheless,
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evidence for the Onion model comes primarily from activities which automatically
create digital records, such as code submissions, bug reports, and mailing list
comments. Also, the term ‘core’ is often followed by ‘developer’ rather than the
more inclusive ‘participant’ or ‘contributor’ (e.g., (Mockus et al., 2002; Crowston
et al., 2006a; Crowston et al., 2007)), emphasizing the importance that is given
to code contributions. By contrast, EV encompasses all activities which can be
performed by volunteers. Thus, this study seeks go beyond the code-centric focus
in the FLOSS literature.
3 Background and Motivation
3.1 Limitations of the Onion Model
Despite its widespread adoption, the Onion model has a number of limitations.
One issue is that the most common definition of ‘core’ requires measuring activity
and setting a threshold. Counting commits does not consider the role a person
has within the community. While developers who contribute significantly tend
to be more central in their community’s communication network, some prolific
developers work independently, and it is also possible for a person to be more
engaged in coordination or code review than development (Cataldo and Herbsleb,
2008). Social network centrality has been proposed as a more accurate way of
representing a developer’s position in the community (Xu et al., 2005; Oliva et al.,
2012). We also observe that centrality addresses the question of the participant’s
role in the community, but does not describe the attributes of individuals, whose
feelings and perceptions about their participation may differ from what can be
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observed. Intentions and self-perception are critical when it comes to predicting a
person’s intention to continue (Bagozzi and Dholakia, 2006).
A second issue is that the core-periphery structure divides developers into
categories based on an arbitrary threshold, when a continuous measure of ‘core-
ness’ may more clearly reflect small differences between participants (Crowston
et al., 2006b).
A third limitation is that the Onion model has only been validated in the context
of contributions which can be readily mined—that is, code submissions, bug reports
and mailing lists—and has not been evaluated to determine if it also describes
other types of activities within FLOSS communities (Carillo et al., 2017). The core-
periphery structure has been shown to be sub-optimal in companies for the tasks
of globally distributed activities such as support (Lu et al., 2016) and R&D (Hinds
and McGrath, 2006); therefore it is possible that non-coding activities in FLOSS
communities do not follow the core-periphery pattern found in code contributions.
For example, some communities have very hierarchical communication structures
(De Souza et al., 2005). The core-periphery structure is not even guaranteed within
software development in all FLOSS communities. While many FLOSS communities
are controlled by a core of about 20% of contributors (Neulinger et al., 2016), in
FLOSS communities focused on innovating and advancing the state of the art,
the decision-making may be more strongly hierarchical (Nakakoji et al., 2002):
Geldenhuys (2010) found many smaller projects were significantly less egalitarian
than the average, with the number of top contributors as low as 3.1%.
A fourth shortcoming is that the Onion model presents a snapshot of a single
point in time, and therefore does not reflect how participants may change roles
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(Herraiz et al., 2006). For example, reviewers in the OpenStack project often move
back and forth between core and periphery status (Van Wesel et al., 2017).
3.2 The Importance of Episodic Contributors
We found a number of studies which suggest that FLOSS contributor behavior
can be interpreted as episodic. Table 2 summarizes these studies. Each example
shows distinct evidence of infrequent or short-term contributions; e.g., if 3,975 bug
reports were made by 3,060 contributors, the median number of reports made per
person is one.
The periphery is important to FLOSS projects (Rullani and Haefliger, 2013;
Crowston and Shamshurin, 2017; Lee et al., 2017). As the periphery is largely
episodic, we suggest that episodic participation is also important for FLOSS projects.
A number of benefits has been attributed to the periphery. Peripheral developers
can facilitate innovation and improve the quality and diffusion of knowledge, often
providing critical input into solving technical problems (Lakhani, 2006; Capiluppi
and Michlmayr, 2007; Setia et al., 2012; Wang, 2012; Rullani and Haefliger, 2013;
Krishnamurthy et al., 2016). People who initially contribute peripherally may
also grow into core roles, helping to sustain the project by replacing developers
who leave (Von Krogh et al., 2003; Amrit and van Hillegersberg, 2010; Dahlander
and O’Mahony, 2011; Rullani and Haefliger, 2013; Krishnamurthy et al., 2016).
Their commits include not only high-quality bug fixes (Foucault et al., 2015),
peripheral contributors are especially interested in implementing functionally novel
features (Lakhani, 2006; Capiluppi and Michlmayr, 2007; Krishnamurthy et al.,













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































found that 30% of one-off contributors’ commits fixed bugs, while 19% added
features and 9% refactored code. When peripheral developers do not implement
new features, their suggestions and reports can often result in the identification
of bugs (Mockus et al., 2002; Masmoudi et al., 2009) or trigger significant new
development (Lakhani, 2006; Masmoudi et al., 2013; Neulinger et al., 2016). Lastly,
peripheral developers engage in citizenship behaviors, such as policing adherence to
community rules—which reduces friction and conflict—and identifying legal issues
such as copyright infringement (Rullani and Haefliger, 2013).
4 A Framework for Studying Episodic Volunteer-
ing in FLOSS
In this section we draw on the volunteering literature to derive an analytical
framework comprising five key concepts associated with attraction and retention of
volunteers (Chacón et al., 2007). The entire volunteer process can be considered
at the agency, social system, or individual level (Omoto and Snyder, 2002). We
focus on individual level concepts which are correlated with intention to remain
among episodic volunteers (Hyde et al., 2016). These concepts are, for the most
part, not novel in FLOSS. Indeed, it is precisely because of the similarities between
volunteering and FLOSS contexts that we expect the EV concept to apply to
FLOSS. The advantage of using these well-defined concepts from models of episodic
volunteering is that it offers a systematic approach to considering factors affecting
the retention of individual episodic volunteers. Furthermore, this approach allows
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the utility of practices to be explained through an understanding of the constructs
related to retention among FLOSS episodic volunteers.
4.1 Contributor Motivation
Volunteers have a variety of motivations for their contributions, and their motiva-
tions have been extensively studied. Episodic volunteers in traditional volunteer
organizations may have self-oriented motives, such as self-esteem, enjoyment, ob-
taining tax benefits and networking, or they may have other-oriented motives, such
as the promotion of a cause and a sense of duty (Bryen and Madden, 2006; Hustinx
et al., 2008; Hyde et al., 2014; Dunn et al., 2016). It has been proposed that EV
exists along a spectrum, from people who participate spontaneously, to those who
repeatedly participate, albeit episodically (Cnaan and Handy, 2005). Handy et
al. (2006) found long-term episodic volunteers and habitual volunteers are more
likely than infrequent episodic volunteers to have altruistic motives, but are equally
likely to have self-oriented motives. However, Hyde et al. (2016) reported that
people with self-oriented motives and altruistic motives were equally represented
among newcomers and long-term episodic volunteers, highlighting the importance
of studying EV in different contexts.
The motivations of FLOSS contributors, both intrinsic and extrinsic, were
summarized by von Krogh et al. (2012). Some motivations could be described
as self-oriented, as in the joy of working with a specific team (Lakhani and Wolf,
2005), or expected future career benefits (Feller et al., 2002). Examples of other-
oriented motives have also been observed: altruistic values (Hars and Ou, 2001) and
supporting the community (Hertel et al., 2003). Extrinsic motives do not predict
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long-term, frequent participation, either in general (Nakakoji et al., 2002; Shah,
2006; Fang and Neufeld, 2009; Lee et al., 2017), or in peripheral contributions in
particular (Krishnamurthy et al., 2016).
Although there is some disagreement in the EV literature, the wealth of FLOSS
literature on the subject of motivation provides the expected context for FLOSS
EV. We expect our findings to be consistent with the general volunteering literature
and FLOSS literature, and to provide support for viewing FLOSS as a form of
volunteering. Furthermore, because motives are a factor primarily affecting new
volunteers (Chacón et al., 2007), we expect our respondents to propose practices
aimed at newcomers to support EV contributor motivation. Reducing barriers to
entry, especially technical ones, is recommended to promote socially-motivated
individuals (Hannebauer and Gruhn, 2017), so we anticipate community managers
will recommend good documentation, contributor dashboards, and easy workspace
setup (Pham et al., 2013; Steinmacher et al., 2014b; Lee et al., 2017). We expect to
observe FLOSS episodic volunteers with intrinsic motivations and altruistic feelings
to have more intention of remaining, and for practices associated with contributor
motivation to be aimed at newcomers.
4.2 Social Norms
Social norms comprise the support or pressure from others to volunteer (Omoto
and Snyder, 2002; Hyde et al., 2016). Episodic volunteers in traditional volunteer
organizations who are more concerned about social norms are more likely to be
retained (Hyde et al., 2016) in cases where the cause is viewed positively (Omoto
and Snyder, 2002). Among habitual volunteers, social norms are most significant
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for novice volunteers who have not acquired community commitment (Chacón et al.,
2007), but even long-term episodic volunteers remain influenced by social norms
(Hyde et al., 2016). Episodic volunteers are more likely than habitual volunteers to
participate out of a sense of civic duty, and are more likely to respond to invitations
to participate (Hustinx et al., 2008).
FLOSS contributions have not been considered in depth in the context of social
norms. Studies have considered the effect of cultural factors (e.g., (Takhteyev and
Hilts, 2010)) and of firms’ culture (e.g., (Dahlander and Magnusson, 2005)) on
participation. The effect of environment on FLOSS contributors’ participation has
not been widely studied.
The EV literature is clear that social norms are a particularly important concept
for episodic volunteers. We expect social norms to be important to FLOSS episodic
volunteers and believe that EV may be instrumental in illuminating this hitherto
unstudied concept because social norms are more significant for episodic than
habitual volunteers. Due to the lack of study on social norms, we do not expect
FLOSS community managers to be deliberately utilizing practices associated with
social norms to retain episodic volunteers. In summary, we expect social norms to
be important, but to be under-appreciated by FLOSS community managers.
4.3 Psychological Sense of Community
The concept of psychological sense of community describes the feelings of efficacy,
responsibility and support that a person experiences from belonging to a group
(Omoto and Snyder, 2002). The concept need not refer to a geographically con-
strained group, but can instead describe a distributed community with shared
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objectives and common values (Omoto and Malsch, 2005). It is distinguished from
community commitment (discussed later), which occurs when a person comes to
identify as a member of the community and as a volunteer.
Psychological sense of community is an important concept in the retention of
volunteers in traditional volunteer organizations (Omoto and Malsch, 2005; Snyder
and Omoto, 2008), and it has been speculated that it is relevant to the retention
of long-term episodic volunteers (Hyde et al., 2014). However, the literature on
EV is inconclusive. Hyde et al. (2016) did not find a link between psychological
sense of community and the retention of volunteers, but their study used a physical
definition of community which the authors described as a possible limitation.
FLOSS contributors, both core and peripheral, experience a psychological sense
of community, with—depending on the study—as few as 30% or as many as 83%
of participants claiming they felt affinity for the community (Hars and Ou, 2001;
Bagozzi and Dholakia, 2006; Masmoudi et al., 2009). Even one-off contributors
tend to have a positive impression of the projects to which they contribute (Lee
et al., 2017). Contributors who derive pleasure from working in the community have
increased intentions to continue to participate (Shah, 2006; Bagozzi and Dholakia,
2006).
FLOSS and general volunteering literature has taken a broader view of com-
munity and has established a connection with retention. We expect the FLOSS
case to affirm the relevance of a psychological sense of community to EV which
is currently lacking. FLOSS communities will likely employ practices to increase
the psychological sense of community, such as formal mentoring structures, guided
introductory sessions, reining in aggressive community members, and valuing all
types of contributions (Nafus, 2012; Xu et al., 2016). To summarize, we expect
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FLOSS episodic volunteers who feel a psychological sense of community to have an
intention to remain, and FLOSS communities to be using welcoming practices to
appeal to a psychological sense of community.
4.4 Satisfaction
Satisfaction describes the match between an individual’s motivations and the
benefits delivered by the volunteering activity (Clary et al., 1998), and is the
result of the experiences the volunteer has with the volunteer work and community
(Snyder and Omoto, 2008).
In traditional volunteering organizations, satisfaction predicts intention to
continue volunteering in the short term, but is not a predictor of long-term intentions
(Chacón et al., 2007). Episodic volunteers might also experience diminished
expectations of satisfaction over time (Harrison, 1995), but it is also possible that
satisfaction is associated with intention to remain regardless of tenure (Hyde et al.,
2016). Hustinx et al. (2008) found no differences in satisfaction between episodic
and habitual contributors, but did not consider the duration of service.
In a survey of nearly 150 developers, Wu et al. (2007) found that satisfaction
was the single best predictor of intention to remain among FLOSS contributors.
The literature on general volunteering, EV and FLOSS all agree that satisfac-
tion is an important concept in retention, but disagree about its relationship to
participation tenure. Because FLOSS literature which did not distinguish between
episodic and habitual contributors nonetheless found that satisfaction was extremely
important, we expect that our study will support the view that satisfaction matters
in all stages of EV. We anticipate that satisfaction will be important for FLOSS
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episodic volunteers, regardless of how long they have been participating. We expect
that community managers will be employing practices related to satisfaction.
4.5 Community Commitment
As volunteers participate in a community, they can develop a strong commitment
to the community. In such cases, a person’s identify becomes linked with the
community, and people identify as being part of the community (Mowday et
al., 1979; Grube and Piliavin, 2000). This in turn can encourage role identity,
where the participant identifies as a volunteer. Both role identity and community
commitment are good predictors of a volunteer’s intention to continue contributing
to a community (Chacón et al., 2007).
Episodic volunteers in traditional volunteer organizations can demonstrate
increased attachment when they feel that they are a part of something bigger
than themselves (Filo et al., 2009). Community commitment—measured by loyalty
to the community, willingness to exert effort on behalf of the community, and
acceptance of the community’s values—influences experienced episodic volunteers’
intention to remain within the community (Stewart and Gosain, 2006; Hyde et al.,
2016). Commitment in the form of financial contributions is most common among
habitual volunteers, then long-term episodic volunteers, and finally short-term
episodic volunteers (Handy et al., 2006).
Among FLOSS contributors, factors that affect sustained participation include:
positive community experiences; association with the beliefs and values of FLOSS;
and seeing oneself as a FLOSS developer (Bagozzi and Dholakia, 2006; Fang and
Neufeld, 2009). Adherence to cooperative norms, passion and a ‘sense of community’
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are present among peripheral contributors (Masmoudi et al., 2009; Rullani and
Haefliger, 2013).
To account for differences between habitual and episodic contributors, we
expect to find community commitment is relevant to sustained FLOSS episodic
participation, but somewhat less than has been previously observed among FLOSS
contributors. We expect to find FLOSS communities using techniques such as
predictable cycles to help episodic volunteers return.
4.6 Identifying Practices for Managing EV
The constructs presented in Sec. 4.1 to Sec. 4.5 together form a framework that is
related to EV retention. This, combined with the relevant FLOSS literature as well
as the general volunteering literature, allows us to make predictions about the ways
in which FLOSS episodic volunteers are similar to, or different from, other episodic
volunteers or FLOSS habitual volunteers. Community managers are generally
concerned with understanding how to acquire and retain participants, both of
which are necessary for a project to survive (Crowston et al., 2003). Developing
such insights is essential in order to formulate strategies that FLOSS communities
can employ to encourage episodic volunteers to return.
Incorporating infrequent contributors presents challenges to communities. One
concern is to balance the cost and time involved in recruiting volunteers on one
hand (Bacon, 2012; Krishnamurthy et al., 2016) and the work they contribute on
the other hand. This problem has also been observed in the general volunteering
sector (Cnaan and Handy, 2005). In other words, there is an inherent tension in
balancing the positives and negatives associated with the flow of resources in and
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out of an online community (Faraj et al., 2011). The EV literature suggests it may
be necessary to modify processes to account for the short durations involved (Safrit
and Merrill, 2002; Macduff, 2005; Cnaan and Handy, 2005; Hager, 2013).
The literature on EV suggests that organizations can strategically examine
their volunteering in order to identify what work needs to be done, how it might be
done by more people volunteering fewer hours, and how a larger number of people
can be motivated (Cnaan and Handy, 2005). One way in which this might be
done is the ‘volunteer scenario’ approach promoted by Meijs and Brudney (2007)
, wherein volunteer assets, volunteer availability, and potential assignments are
listed in order to find suitable matches. Episodic volunteers with low availability
and low assets are best suited to tasks which require little cognitive effort, are
quickly completed, have a narrow focus, require little up-front investment, can
be broken into small parts, do not require skilled labor, or currently disrupt the
work of habitual volunteers (Macduff, 1990; Cnaan and Handy, 2005; Meijs and
Brudney, 2007). Several of these characteristics were also identified as appropriate
for one-off contributors in the FLOSS literature (Pham et al., 2013). Episodic
volunteers can also be specialists, with high assets but limited opportunity to
contribute their skills. A lawyer specializing in copyright law would be an example
of a specialist episodic volunteer in a FLOSS context. For such volunteers, the EV
literature recommends ensuring that they are able to practice their specialist skills
without being exposed to organizational details (Bryen and Madden, 2006; Meijs
and Brudney, 2007).
In our research, we examine what practices, if any, are currently being employed
in FLOSS communities with the intention of managing EV. We also investigate
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how existing EV practices might be adapted to a FLOSS context, and how existing
FLOSS practices might be re-imagined with episodic volunteers in mind.
5 Research Method
The goal of our study is to develop a better understanding of episodic volunteers
in FLOSS communities. We consider how FLOSS episodic volunteers differ or
are similar to habitual FLOSS volunteers and episodic volunteers in the general
volunteering sector, and what practices might be used to retain FLOSS episodic
volunteers or to help them be more effective. We do this by considering the vast
periphery in terms of the characteristics of tenure and patterns of participation. In
particular, we expand our research to encompass non-code contributions, in order
to create a broader picture of episodic participation in FLOSS communities.
We conducted a qualitative survey (Jansen, 2010; Andersson and Runeson,
2002) in order to investigate the episodic volunteering phenomenon in FLOSS
communities (Myers, 1997). Two reasons prompted this choice. First, we wanted
to examine all types of participants, not just code contributors. Archival methods
such as code repository mining could bias the study by encouraging the inclusion
a higher proportion of code contributors. Second, EV has not yet been studied
in a FLOSS context, and is not well understood in general (Hyde et al., 2014),
making an exploratory study more appropriate for laying the groundwork of how




Our research relies on theoretical sampling: purposive, non-probabilistic samples
which are typically small, as a single observation is sufficient for inclusion in the
coding system (Miles and Huberman, 1994; Ritchie and Lewis, 2013). Researchers
identify both key informants with access to important information, and a “wide
range of types of informants” who have experienced the circumstances relevant to
the research topic (Mays and Pope, 1995). We selected community managers as
key informants on community relationships (Seidler, 1974) because they interact
with many contributors and play a key role within their respective communities.
To select appropriate informants, we chose criteria which would relate to
the research objective and cover a wide breadth of differences (Guest et al., 2006)
between projects. We identified two dimensions which together span four quadrants;
for each we sought both community managers and episodic volunteers. Fig. 2 shows
these quadrants, along with the communities we included in our study.
The first dimension is the size of the community. Size of community or orga-
nization is commonly used as a dimension in studies of this type (e.g. (Filippova
and Cho, 2015)). Differences in project size might affect how episodic volunteering
is incorporated in the project. For example, episodic volunteers might experi-
ence increased difficulty engaging with larger projects, because larger codebases
might present a barrier to newcomers (Steinmacher et al., 2014a). Conversely,
larger projects have successfully socialized more members (Ducheneaut, 2005) and
might have more processes in place, including ones for episodic volunteers. We
operationalize size as a multi-/single project distinction. In multi-project communi-
ties, participants often identify with the larger community, seeing themselves—for
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example—as part of the Mozilla community as opposed to the Mozilla Thunderbird
community. In single project communities, the project might still be part of a
foundational umbrella, such as GNU, but the participants talk of being part of the
Gnash project. Within the single project category, we considered both very small
projects with only a handful of participants (e.g. Butterfly Effect), as well as larger
projects (e.g. KDE).
The second dimension is whether the community is vendor-oriented or volunteer-
oriented. In the vendor-oriented category, we consider both consortia of vendors
which play a major role in project direction, and single-vendor commercial open
source projects “owned by a single firm that derives a direct and significant revenue
stream from the software” (Riehle, 2012). The community category contains
projects which are non-commercially managed, either formally or through an
informal community process.
Involvement of vendors is reflected in many aspects of FLOSS projects, such as
choice of license, level of activity, maturity, and the extent to which unsolicited
contributions are accepted (Bonaccorsi et al., 2007; West and Gallagher, 2006;
Fitzgerald, 2006; Riehle, 2012). In light of the acknowledged changes to FLOSS
project structures wrought by industry involvement we felt this difference might be
reflected in the treatment of episodic volunteers. By including highly commercial
projects and extremely non-commercial projects, as well as larger and smaller
projects, we intended to capture the full range of EV behavior in FLOSS projects.
Quadrant I consists of multi-project, community-oriented communities. These



























Figure 2: Selected FLOSS communities
• The Mozilla Foundation is a 501(c)(3) charitable organization and man-
ages a number of projects such as Firefox and Rhino. Non-code contributors
often identify with geographic or functional groups rather than projects.
• The Perl Foundation advances the Perl 5 and Perl 6 programming lan-
guages. It coordinates the efforts of numerous grassroots groups such as Perl
Mongers.
Quadrant II contains multi-project vendor-oriented communities. These are
communities with a commercial focus organized by companies with a wide range of
projects.
88
• Chef is a company focused on software relating to configuration and man-
agement of servers. Chef has three open source projects, Chef, InSpec, and
Habitat. It has approximately 500 employees.
• Red Hat is a company with approximately 7,300 employees and multiple
FLOSS communities around projects such as Fedora Linux. It has employee
and volunteer community managers.
Quadrant III contains vendor-oriented single projects: companies with one
major offering.
• Bolt CMS is a content management tool. Development is led by Two Kings,
which provides commercial support.
• JSON-RPC Client is a generic library for the JSON-RPC API. There are
multiple implementations. Our interviewee was speaking of one which was
developed in-house and then released by the employer as open source.
• ownCloud has one major offering, client-server software for creating file
hosting services. ownCloud has about 200 employees and about 350 additional
contributors. The ownCloud data was collected prior to the Nextcloud fork.
• Zato is an enterprise service bus platform designed for building systems in
the cloud. Zato’s business model is based on providing professional support
services.
Quadrant IV consists of community-oriented single project communities. These
may be foundations or informal communities with either one or a few tightly
coupled projects.
89
• The Butterfly Effect is a game where the player combines mechanical
systems and objects to accomplish tasks. It has fewer than ten contributors.
• Gnash is a media player for playing Adobe Flash files. It currently has about
half a dozen contributors.
• Django is a web framework which is maintained by the Django Software
Foundation. It has over 1,500 code contributors.
• KDE is a foundation with one key project, Plasma, the KDE window manager.
It is large and well-known as a strong community project, and over half of
the contributors are volunteers (Berdou, 2007).
• Tiny RPC is a framework for handling remote procedure calls in the Python
programming language. It has a handful of contributors.
Community managers were drawn from four communities (Red Hat, Mozilla,
ownCloud and KDE), representing the four quadrants created by the two dimensions
described above. Community managers were recruited through a combination of
personal contacts, recommendations from contacts within the communities, and
mailing list advertisement. In communities which have both staff and volunteer
community managers, we interviewed at least one of each. Three community
managers were employees of their respective foundations or companies (CM3, CM5,
CM8), and one was an former employee (CM9).
Identifying episodic volunteers can be challenging, as community managers can
rarely identify them except in retrospect, and our decision to avoid a code-centric
approach meant that we could not identify potential candidates from digital records.
Additionally, episodic volunteers are often unable to devote time to participate
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in research (Bryen and Madden, 2006). We therefore relied on self-selection of
episodic volunteers. In a parallel study about motivations of episodic contributors,
we conducted a survey where we made an open call for participants on social media,
mailing lists, and at a number of conferences, including Mozfest and FOSDEM.
We used survey participants’ self-identification as volunteers, episodic participants,
and reported hours of participation in order to determine eligibility for the current
study. We contacted all participants who both met the criteria and expressed a
willingness to participate in further research. Nine people agreed to be interviewed.
In the case of code contributors, we compared the number of commits with the
self-reported hours and found no incongruity. Consequently, the episodic volunteers
represent a number of different FLOSS communities, but our interviews with
episodic volunteers represent every quadrant of Fig. 2. Seven of our interviewees
were not paid contributors, while two (EV4, EV8) contributed both paid and unpaid
contributions.
5.2 Data Collection and Analysis
We interviewed people representing 13 different communities and supplemented
the interviews with content from community websites and mailing lists.
We first conducted semi-structured interviews with community managers. Inter-
views were divided into six sections, two of which covered a respondent’s position in
the community. The remaining four sections contained 24 main questions covering
perceptions of volunteering, types of EV, prevalence of EV, and management of
EV. Subquestions were asked if a response to an initial question did not cover
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topics of interest. Appendix A contains an interview guide for these interviews.
The interviews were conducted in-person (2), by phone (8), and through email (1).
Following the interviews with community managers, we proceeded with the
interviews with episodic volunteers. The interview contained 17 questions in
sections about EV behavior, motives and intentions, experiences, practices related
to EV, and volunteering identity. Subquestions were used when responses did not
address topics of interest. An interview guide for the interview can be found in
Appendix B. The interviews were conducted in-person (1) and by phone (8). We
found that on average, the episodic volunteers we interviewed participated in two
FLOSS projects episodically, and contributed habitually to another project. This
finding is consistent with previous research, which showed that a distinct minority
of infrequent contributors participate in only one project (Lee et al., 2017). The
respondents had contributed as episodic volunteers to their communities anywhere
from one to 15 years, with an average of 6.4 years.
Table 3 summarizes the interviewees. We use ‘CM’ to denote community
managers and ‘EV’ for episodic volunteers. The participants provided sufficiently
similar descriptions of their experiences, suggesting data saturation was achieved.
Furthermore, our set of participants represented a wide range of communities as
well as community managers and volunteers, thus providing different perspective
on the subject. All codes were discovered in the first 14 interviews.
In order to triangulate across data sources (Guion et al., 2011), we also collected
supplemental data, consisting of 50 documents in the form of public interviews, web
pages, and mailing list threads. Supplemental material was found by a web search
for the community name plus one of the following terms: ‘casual contributors,’
‘drive-by,’ ‘casual commit,’ ‘one-time.’ In addition we included the code of conduct
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CM3 Red Hat Open standards









EV2 Mozilla Bug report
EV2 Gnash Coding
EV3 Perl Coding, evangelism
EV4 Chef Coding
EV5 Perl Coding, translation, events
EV6 Butterfly Effect Translation, testing
EV7 Bolt CMS Design





(where available) and the contributor landing page. These documents were used to
look for implicit bias against EV, and to confirm the presence or absence of practices
described by community managers. All data was collected between Autumn 2014
and Spring 2017. All but one interview were recorded and transcribed; detailed
notes were taken for the interview which was not recorded. All transcriptions were
reviewed by the lead author and corrected as required. Transcripts and notes were
sent to the participants to allow them to review and modify as they saw fit.
Theoretical thematic analysis was performed on the transcripts, notes, and
supplemental material using computer-assisted qualitative data analysis tools. In
theoretical thematic analysis, the research question drives theme selection, and
a literature review precedes the analysis (Braun and Clarke, 2006). Focusing on
the objectives of the study can help make sense of qualitative data by drawing
attention to the characteristics relevant to the question (Seaman, 1999), which in
theoretical thematic analysis are identified in part by the themes present in the
literature (Braun and Clarke, 2006).
A codebook was created iteratively by two authors, using the format described
by Guest et al. (Guest et al., 2006). Each code consists of a name (top-level group,
sub-group, and code), a short definition, a long definition, descriptions of when it
should be used, descriptions of when it should not be used, and an example of the
application of the code taken from the data.
In our analysis, one author coded eight interviews representing two communities,
as well as the associated supplemental material. A second author then coded the
same interviews and a selection of the other documents. Coding discrepancies were
discussed and the codebook was revised accordingly. The initial coder coded an
additional three interviews, then the first 11 interviews were coded by a distributed
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coding team. The codebook was further refined, after which we coded the remaining
interviews.
6 Results
In this section, we present our findings about EV in a FLOSS context using the
framework introduced in Sec. 4.
6.1 Contributor Motivation
We expected to observe FLOSS episodic volunteers with intrinsic motivations and
altruistic feelings to have more intention of remaining, and for practices associated
with contributor motivation to be aimed at newcomers.
Our findings were consistent with our prediction. The relationship between
contributor motives and retention is well grounded. Both community managers
and episodic volunteers described people who were participating out of a need to
improve the software as having less intention to continue, while enjoyment was
given as a reason to continue:
If they are very hardcore coders, they’ll fix the security bug or patch
up some translation and then they leave, because they have their own
commitments. —CM10
A Perl contributor (EV5) commented that involvement lessened, but that “the
interest moved me to contribute to the language itself.” Another developer described
the shift from habitual paid contributions to EV contributions:
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As paid staff, it was part of my job. I could carve out as much time as I
needed. Now, it’s all in my personal time. So, there’s a conflict between
my day job, my family life, and trying to fit in time to volunteer as well.
—CM9
The episodic volunteers who described their intentions to quit once they no longer
had a need for the software also described other projects where they were motivated
by having fun, and intended to remain. The motive therefore is an attribute of the
person and project relationship, rather than existing entirely within the person in
relation to all FLOSS projects. One episodic volunteer explained this distinction:
Mostly I’m motivated by work but every once in a while, there have been
cases where I was so interested in the project because it was a really
nice solution. —EV4
Neither community managers nor episodic volunteers were able to think of any
current practices being employed specifically for the retention of episodic volunteers.
However, they were able to suggest several practices which they believed would be
effective at retaining episodic volunteers. One participant explained:
Some of the granular tasks within the Mozilla community are really
great for episodic volunteers because there are so many of them. So,
designing a certain thing, or writing code to patch a certain bug, or any
tasks that are broken up and very specific. —CM8
An understanding of contributor motivations helps explain why these practices
were proposed.
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• People with intrinsic social or entertainment motives are more likely to re-
main in the community, and are discouraged by technical challenges. Making
the onboarding process easier facilitates joining. Barriers to entry can be
reduced by accepting contributions through a standardized interface (e.g.
GitHub), which reduces the need to learn project-specific tools (De Alwis and
Sillito, 2009); good documentation; a task-finding dashboard which enables
episodic volunteers to identify appropriate tasks; a supportive portal (e.g.
FLOSSCoach (Steinmacher et al., 2016)); and creating an easily instanti-
ated workspace, for instance by creating a Docker container containing all
dependencies.
• Events can help newcomers overcome technical challenges, and address the
interests of people who are socially motivated. Communities can offer guided
introductory experiences such as Google Summer of Code.
• Episodic volunteers with social motives can be encouraged by providing
opportunities for interaction and developing relationships (e.g. IRC or Slack),
and regular, local low-key meetups such as Perl Mongers. In addition to
central platforms, communication platforms in different regions allow for
greater social interaction in different languages. Such platforms should not
only allow newcomers to have their questions answered, but should also
provide space for them to discuss their experiences.
6.2 Social Norms
We expected social norms to be important, consistent with EV literature, but to be
under-appreciated by FLOSS community managers. Our findings were consistent
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with expectations, but we also found that episodic volunteers themselves may
underestimate the effect of social norms. The picture which initially emerged from
our intake questionnaire was that episodic volunteers did not see a link between
their environment and their participation. Episodic volunteers disagreed that it
was important to friends and relatives that they continue volunteering. However, in
the interview data we found evidence of the role of social norms. Several episodic
volunteers stated that they had initially started volunteering in response to an
invitation from someone they knew. Invitation was the most common method of
recruitment among (but not exclusive to) non-code contributors. One episodic
volunteer described the recruitment experience:
It was a personal connection. I have event planning experience and
my partner was involved in conference organizing and needed help, so I
offered. —EV9
Another participant (EV1) responded that the combination of interest and available
time helped to accept the invitation: “So it was interest, the fact that I had spare
time, that I knew the organizer. Also, it was local.”
This finding has two interesting implications. First, it shows that FLOSS
episodic volunteers, in common with other episodic volunteers, are influenced by
invitation. Second, it suggests two reasons this effect has not been observed previ-
ously: the classic measures for social norms do not reflect how FLOSS participants
think about themselves in relation to their communities, and previous research
has looked primarily at code contributions. A community manager described the
importance of non-code contributions:
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Everyone’s contribution is unique. Somebody can have one patch but 50
events are hosted and two speeches given. Somebody can have one 150
patches submitted, 0 events hosted, maybe 5 speeches given. —CM7
None of the FLOSS communities we studied was making deliberate use of social
norms to recruit episodic volunteers. Based on the experiences of the episodic volun-
teers we interviewed, we propose the practice of encouraging existing contributors
to talk to family and friends about involvement. If communities can communicate
the value of FLOSS more widely, more participants might be encouraged to invite
others to join. Communities could make it easier for contributors to talk about
their participation by providing simple information for sharing. As one episodic
volunteer explained, non-code contributors can be invited to join, given appropriate
opportunities:
My friend has zero talent as a programmer but is really really good at
writing documentation. That’s the kind of people who want [non-coding
opportunities]. . . One mistake is that we put everybody on the bucket as
software developers but it’s greyer than that. —EV5
6.3 Psychological Sense of Community
We expected to observe FLOSS episodic volunteers who feel a psychological sense
of community to have an intention to remain, and for FLOSS communities to use
welcoming practices to appeal to a psychological sense of community.
We found that the only practice being specifically employed for EV was associ-
ated with a psychological sense of community. Additionally, this sense of community
appeared to be more common among long-term episodic volunteers.
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We found that some community managers were dubious about the psychological
sense of community felt by episodic volunteers because they perceived episodic
participation as a sign of lower interest. For example, one community manager
(CM2) commented that “Episodic volunteers haven’t found their spot, and don’t
know whether that’s the pathway they want to continue.” The majority of episodic
volunteers, however, did claim an affinity for the communities they participated in,
but some also clearly opposed this description of participation, stating that they
merely worked toward a common goal:
I’m very much code-driven, I’m not looking for acquaintances. But it
happens that I have contacts for longer period outside the project I’m
working on. —EV8
Both attitudes were present among long-term and short-term episodic volunteers,
but it was more common for short-term episodic volunteers to reject descriptions
involving family, friends, and belonging. Those episodic volunteers who did see
themselves as similar to other members of their communities cited this as a reason
to continue participating. One community member (CM6) described this as a “kind
of a community, extended family, it may sound cheesy but it is true.”
In comparing themselves to the community, the value of inclusivity came up
multiple times as a reason for feeling affinity. Our interviewees spoke of geographic,
gender, sexual orientation, and ability as types of diversity which were welcomed in
their communities, engendering feelings of support and similarity. One contrasted
it positively to the gruffness historically present in many FLOSS communities:
I asked questions that were beginner questions and I received an answer
like “Oh. You’re [expletive] stupid.”. . . Today, I really can’t see the new
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generation standing for that.. . . Now it’s more like a real community.
—EV5
The only practice that we observed which focused on episodic volunteering
relied on the construct of psychological sense of community. Mozilla has been
engaging in episodic collaborations with other non-profit organizations to promote
values such as openness and efficacy among people who had not previously seen
themselves as similar to FLOSS volunteers. A community manager described it:
Hive Learning Network in New York has 40 organizational partners,
everyone from the Natural Museum of History to the Brooklyn Public
Library to small organizations in the Bronx that teach kids how to make
their own radio programs. So it’s really all different levels of institutions
that participate in that network. —CM8
Based on our findings about psychological sense of community and its effect
on episodic volunteers, we recommend that FLOSS communities consider these
existing practices in light of their potential to enhance episodic participation:
• Episodic volunteers who feel accepted by the community have an intention
to remain. Use codes of conduct to detail appropriate communication so that
potential volunteers can determine in advance if they will be welcomed by
the community.
• Encourage episodic volunteers to feel similar to other members of the commu-
nity. Highlight the different activities available, not simply the code-based
ones, for instance through collaboration with non-FLOSS organizations with
similar values. Recognizing all contributors is another way of encouraging
episodic volunteers to develop an affinity toward the group.
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• When episodic volunteers feel a psychological sense of community, stimulating
it by hosting events and issuing a personal invitation can encourage them to
return.
6.4 Satisfaction
We anticipated that satisfaction is important for FLOSS episodic volunteers, re-
gardless of how long they have been participating. We expected that community
managers would be using practices related to satisfaction to encourage EV.
Our findings matched expectations regarding the relevance of satisfaction to
EV in FLOSS, but FLOSS community managers are not deliberately encouraging
satisfaction in order to promote EV retention. A satisfying experience was one of the
primary reasons given by community managers for long-term episodic contributions.
Many episodic volunteers also spoke of satisfaction. Feeling appreciated, enjoying
the work, helping others, and the community were the most common reasons for
satisfaction. One participant described it well:
The people I interacted with were very supportive, they gave good feedback
on patches and the company sent me a card for contributing. So I was
very pleased. —EV4
This observation was shared by a community manager (CM5): “people stay because
it is fun, it is interesting and stimulating, and they have good time with other
people.”
By adapting a recommendation from the EV literature, we suggest that com-
munities can increase satisfaction among episodic volunteers by making them feel
appreciated through thanking all contributors. A common method of thanking con-
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tributors is to list names in a ‘credits’ file, but non-code contributors are commonly
overlooked, especially if the process is automated. Thus, FLOSS communities
should consider tracking all types of contributions. Mozilla has attempted to do
this with Project Baloo and Open Badges. Some of our interviewees were concerned
that this would be time-consuming and risk alienating people who were overlooked.
Others proposed simply encouraging people to self-publicize their contributions to
the community:
whether the contribution is small or big so you can [tell us]—for example
you can go to our Facebook page or mailing list and someone shares “I
did that, I contributed to this,” and we encourage them. —CM11
Another recommendation we adapted from the EV literature is intended to
utilize existing satisfaction, and is enabled by the previous practice. Asking previous
contributors for help, sparingly, in an individual’s area of specialization and in
a way which shows respect for that person’s time and acknowledgement of their
expertise, is a practice to which episodic volunteers said they would largely respond
positively:
I guess it feels good, that people will notice you and invite you for such
an event. I think it’s all about how you feel eventually to be appreciated.
—EV7
Asking for help can also be a way of making a person feel appreciated for their
previous efforts, increasing satisfaction. One volunteer (EV9) commented that
being asked implied appreciation, and that “one of the most important things about
volunteering is feeling appreciated.”
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6.5 Community Commitment
We expected to find that community commitment is relevant to sustained FLOSS
episodic participation, but somewhat less than has been previously observed among
FLOSS contributors. We expected to find FLOSS communities using techniques
such as predictable cycles to help episodic volunteers return.
Our findings were largely in agreement with expectations. FLOSS episodic
volunteers expressed community commitment in two ways: toward their community
and its goals, and toward FLOSS as a social movement. Regardless of tenure,
episodic volunteers frequently described themselves as sharing values of their
communities. One community manager (CM7) described this attitude “to make
things better” as Mozilla’s mission. Another (EV4) felt that “it’s good to be able to
contribute to those things; they make the world a better place.”
One interesting observation was that people who talk about their FLOSS
involvement were also strongly inclined to continue participating. The importance
of talking about the community was recognized by some community managers.
One community manager (CM3) suggested this signaled community membership:
“If you are using the software and you are telling other people about it, that makes
you part of that community.” Another community manager (CM7) suggested an
initial ‘push’ can help to enthuse contributors: “We just have to push someone to
give their first public speech and then they usually don’t stop contributing.”
Some community managers believed that episodic volunteers were less com-
mitted to the community and impatient for success. While it was true that some
episodic volunteers—typically those with personal benefit motives—did not express
community commitment, most episodic volunteers considered themselves commit-
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ted and part of the community, and intended to continue volunteering episodically.
Family and work commitments were the primary limitations preventing habitual
volunteering.
The connection to the community does not always persist. Over time, interests
can shift, leading to less commitment to the community. Outgrowing the community
was recognized as a reason for departure by both community managers and episodic
volunteers. One community manager commented:
Of course I think it’s important to keep people around to retain them
in the community, but I think of the community as a big learning
environment. So people come, grow within the community. They also
outgrow the community and move on to other stuff. —CM2
When volunteers are committed to the community but lack the time to partici-
pate habitually, the community manager should focus on techniques to encourage
bounce-back. Two practices that were already in place in a number of communities,
but not used in the context of episodic volunteering, were time-based releases and
general calls for participation based on need. A community manager described the
episodic participation of task-focused contributors:
We also have the sort of individual volunteers who pop up only when we
have something that needs to be designed. They only care about doing
design work. —CM8
Community managers described increased participation in the period preceding
a release, as well as difficulty in retaining episodic volunteers with an unpredictable
schedule. Activities without a schedule can struggle to retain contributors, according
to a community manager:
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I’m absolutely losing volunteers in the community IT side because there’s
nothing keeping people involved because it’s too ‘bursty’ in nature. —
CM9
However, episodic volunteers were not universally in favor of regular releases. Some
felt that it added obligation and pressure. Time-based releases were more popular
with episodic volunteers working on large projects than small ones. This was the
only observation where we found a distinct difference between the small and large
communities. Michlmayr et al. (2015) provide some additional suggestions for
assessing a project’s suitability for time-based releases.
Requests for participation at times when extra help was required were effective
for many community managers. Episodic volunteers who were open to calls for
participation often subscribed to mailing lists, Twitter, or Facebook groups, while
those less engaged tended not to subscribe to these channels. To summarize:
• Utilize long-term episodic volunteers with strong community commitment to
talk about your community in ways that can encourage others to join. They
could be asked to speak with their friends (Sec. 6.2), to arrange collaborations
with other communities they are involved with (Sec. 6.3), or to speak at other,
unrelated events. Communities could support the last activity with outlines
for proposed talks.
• Predictability can allow episodic volunteers to align their availability with as-
signments. If time-based releases and other cyclical processes are appropriate
for the community, they can be a tool to encourage episodic volunteers to
return.
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• Making a public announcement on a dedicated channel when additional vol-
unteers are needed for a specific task can alert committed episodic volunteers.
6.6 Episodic Volunteering in FLOSS
Our study demonstrates that all five concepts related to the retention of episodic
volunteers in general volunteering can also be observed in FLOSS. Our research goal
was to better understand the EV phenomenon in a FLOSS context. We therefore
also offer a general description of the current state of EV in FLOSS.
First, episodic volunteering in FLOSS is widespread, as in other types of
volunteer work. EV was observed in every type of FLOSS community work we
examined, from evangelism to event organization to documentation to support.
Code contributions, for example, were considered especially appropriate for episodic
volunteers, contrary to the view that software development has a high barrier to
entry (Steinmacher et al., 2014b) and does not lend itself to small contributions.
Translation was another type of contribution which was singled out by a number
of community managers. However, the responses concerning this activity were
mixed. In larger projects, translation requires consistency which in turn requires
familiarity with style guides, whereas in small communities it is more ad-hoc and
therefore suitable for episodic volunteers.
However, despite the presence of episodic volunteers, FLOSS community man-
agers were often not aware of how prevalent EV is. This is not surprising, since
new episodic volunteers are difficult to distinguish from other newcomers, except
in retrospect (Bryen and Madden, 2006). Furthermore, a community which is
not strategically engaging with episodic volunteering reduces its sensitivity to
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noticing this type of volunteer. Community managers were more likely to notice
EV retention when it involved people with specialist skills who returned.
FLOSS community managers would, in general, prefer to have habitual vol-
unteers and some preferred to think of episodic volunteers as future habitual
volunteers. However, this is not always a realistic expectation. Neulinger et al.
(2016) noted, “Due to their private, preferential or personal issues, people spend
different amounts of time and effort for an [FL]OSS project.” One participant
described this sentiment as follows:
[Involvement] really goes from very low to very high from time to time.
So actually, this time I was in a very low mood, like doing it last year
because I have personal troubles. Now things are fine, so I participated
again. —EV5
Many participants simply have no intention to become more deeply involved, and
their eventual participation can be predicted from their initial activities (Zhou and
Mockus, 2015; Lee et al., 2017). Others are already involved in a number of projects
and would prefer to be involved in more (Vasilescu et al., 2016), which of course
limits the amount of time available. The EV literature advises against assuming
that episodic volunteers can be transformed into habitual volunteers, noting that
volunteers may not be a good fit for the organization, or may feel that they lack the
time or ability to honor a regular commitment (Safrit and Merrill, 2002; Merrill,
2006). The episodic volunteers we spoke to seemed to confirm that they were
content as episodic volunteers. Most were already contributing habitually to other
projects, and did not see an opportunity to increase their participation in the
communities where they contributed episodically. Sometimes, the choice of which
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project received the most attention was almost arbitrary, but friction—difficulty in
contributing or feeling the contribution was not valued—was a factor in reducing
participation when personal factors were not involved:
There was a bug report that I submitted and for what I assume is the
decision of one or two guys, this bug report has not been addressed after
years actually. If Mozilla were to be more helpful for users, I think that
would encourage people to contribute more. —EV2
Perhaps for these two reasons (the preference for habitual volunteers and the
invisibility of non-specialist EV), none of the community managers we spoke
to were pursuing specific strategies to manage episodic volunteers, although all
acknowledged the presence of episodic volunteers in their communities. Likewise,
none of the episodic volunteers were aware of any practices in their communities
specifically aimed at retaining episodic volunteers. FLOSS communities could
thus better manage EV with a dedicated strategy. The practices recommended by
our participants are, for the most part, in widespread use, but our interviewees
indicated that they would be particularly useful if applied to EV. A community
manager summed up the current strategy:
We don’t have a volunteer recruitment strategy that says this is how
you do it. We have more best practices and we have mentorship within
the community itself for people who want to do that kind of recruitment.
—CM8
Table 4 summarizes our findings and includes a set of recommendations derived
from considering the relationship between existing FLOSS practices mentioned by
our interviewees as affecting episodic participation and what is known of EV.
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intrinsic motives are more
likely to intend to remain,
compared to episodic vol-
unteers with extrinsic mo-
tives
1. Lower barriers to entry through:





2. Offer guided introductory events to help
newcomers get started and to introduce
the social element
3. Provide opportunities for social interac-
tions, such as:
• Interactive sites, including localized
options
• Hosting local meetups
Social Norms Although FLOSS episodic
volunteers were unlikely to
see their participation as
influenced by social norms,
personal invitation was a
common form of recruit-
ment, especially among
non-code contributors
4. Encourage existing volunteers to talk
about their FLOSS involvement by:
• Highlighting the benefits of advocat-
ing broadly







Psychological sense of com-
munity is more common
among long-term partici-
pants;
A policy of inclusion was a
commonly mentioned rea-
son for feeling welcomed in
the community.
5. Use a code of conduct to express the
community’s intentions, allowing poten-
tial episodic volunteers to determine
their similarity to the community
6. Give potential episodic volunteers the
opportunity to identify alignment with
the community through awareness of
non-coding activities:
• Collaborate with organizations with
a different focus but shared values
• Recognize all forms of contribution
7. Re-enforce the psychological sense of
community by:
• Hosting local events




Satisfaction Satisfaction was most com-




that their work is used, en-
joying the work itself, and
feeling appreciated.
8. Encourage satisfaction by increasing feel-
ings of appreciation, by recognizing all
contributors and their areas of expertise
9. Being aware of episodic volunteers’ areas
of expertise and requesting their assis-
tance, sparingly, can:
• Make episodic volunteers feel appreci-
ated
• Encourage episodic volunteers to re-






talk about their involve-
ment are more inclined to
continue participating;
Long-term episodic volun-
teers often have commu-
nity commitment;
Community commitment
is less common among
episodic volunteers with
extrinsic motives.
10. Encourage long-term episodic volun-
teers to talk about the community to
strengthen their commitment to the
community and:
• To utilize Social Norms to recruit
friends/family
• To recruit from similar organizations
through Psychological Sense of Com-
munity
11. Consider time-based releases for large
projects to allow episodic volunteers to
plan their return
12. Use opt-in platforms to broadcast calls
for participation for specific tasks to en-
courage episodic volunteers to return
Episodic
volunteering






are often habitual volun-
teers in other communi-
ties.
13. Evaluate volunteer assets, volunteer
availability, and potential assignments
to find opportunities for EV
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7 Limitations of the Study
Guba (1981) proposed a set of criteria to gauge the limitations of qualitative studies.
Four aspects of trustworthiness are credibility, transferability, dependability, and
confirmability.
Credibility can be assessed through data triangulation, where multiple data
sources are used to observe if similar patterns are present (Guion et al., 2011).
Although our study was an interview study, we examined more than 50 documents
from web pages and mailing lists describing practices within FLOSS communities
to confirm our participants’ understanding of how EV is being managed in FLOSS.
Another concern with credibility is misrepresentation by participants. Our study
included interviews with episodic volunteers who were identified by their self-
reported average hours of contribution per month over the last year. We were able
to confirm the contributions of half of the participants. Furthermore, underreporting
is more common when the activity is condemned (Spector, 2006). Self-reporting is
viewed as a reliable indicator for hours worked, especially when a longer period
of time is considered (Jacobs, 1998). Another way of establishing credibility is
through member checks, where members of the group being studied are given an
opportunity to review the findings (Guba, 1981). An early draft of this paper was
sent to all participants. We also presented the preliminary findings of this study in
talks at three FLOSS conferences, and published a report in a popular practitioner
journal. This is a form of ‘venting,’ whereby a study’s results are presented and
discussed with professional colleagues (Goetz and LeCompte, 1984). The response
to our results was very positive.
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Transferability can be established through purposive sampling. If the results
demonstrate an essential similarity between two contexts, and the contexts differ
along key dimensions, it is expected that the findings will also apply to other,
related situations (Guba, 1981). In Sec. 5, we described our interview selection.
Regardless of whether we spoke to community managers or episodic volunteers in
a single community, or to participants in communities which varied by size and
governance, our findings were remarkably similar. Therefore we can reasonably
expect that our understanding of EV describes the situation in many FLOSS
communities.
Dependability can be improved by establishing an audit trail. In addition
to retaining all the original data sources, along with a record of how they were
collected, we maintained a codebook (Guest et al., 2006). Different iterations of
the codebook were retained, making it possible to reconstruct the development of
a single code through the coding process.
In order to ensure confirmability of our study we employed investigator triangu-
lation, which is a method of ensuring neutrality (Guion et al., 2011). Our codebook
was developed iteratively through collaboration between two of the authors, re-
ducing the possibility of subjectivity (Hruschka et al., 2004). We also attempted
to avoid a common source of bias in FLOSS studies by deliberately seeking out
participants who are engaged in non-code activities, in order to present a more
balanced picture of FLOSS communities.
The practices we propose follow logically from the EV constructs in a FLOSS
context, but unless communities introduce these practices as part of a deliberate
strategy of managing EV, it remains difficult to demonstrate their effectiveness with
episodic volunteers. In order to fully benefit, communities will need to consider the
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impact of practices on EV, contemplate a specific EV strategy, and explore the
options for utilizing social norms.
Little is known about EV in general volunteering, and in FLOSS there is still
much to learn about the periphery and the relevance of the EV model to the
FLOSS context. Our research cannot be generalized to all FLOSS communities,
although our interviews were selected to examine many different types of FLOSS
communities and show the same patterns regardless of project type.
8 Conclusion
Our research goal was to develop a better understanding of the concept of episodic
volunteers in a FLOSS context. A summary of our findings appears in Table 4.
Our work demonstrates that the five concepts related to the retention of episodic
volunteers in general—contributor motivation, social norms, psychological sense of
community, satisfaction and community commitment—are applicable to FLOSS,
and EV is widespread in FLOSS. By applying the concept of EV from the general
volunteering literature, we identified new facets of peripheral contribution, which
were not predicted by the existing FLOSS literature. Future research could extend
our exploratory study by confirming a link between the proposed concepts and
FLOSS EV retention.
Examining all types of contributions allowed us to see social norms as a potential
factor in the decision to participate in FLOSS communities. Future research could
explore the effect of invitation on FLOSS participation, to determine to what extent
it is a factor in volunteers’ decisions.
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Looking at EV as a volunteering phenomenon allowed us to see that code con-
tributions are, as recent studies on one-off participation have highlighted, perhaps
distinctly suited for episodic volunteering. At the same time, our investigation
showed that communities are not really thinking of the constraints of episodic
volunteering, and are not addressing EV strategically. Given the observed preva-
lence of EV, and the limitations to volunteers becoming habitual, the effective
incorporation of episodic volunteers may become an important competency in
FLOSS project sustainability.
Neither community managers nor episodic volunteers felt that FLOSS commu-
nities were utilizing practices specifically for EV. Many practices we recommended—
such as time-based releases—are widely used, and are thought to have an effect
on episodic participations. These effects are accidental, rather than a result of
systematic analysis. Community managers who are interested in adapting to EV
can analyze practices in terms of their potential impact on episodic volunteers by
using the framework we presented. Future work might explore the strategies FLOSS
communities use to improve the retention and utilization of episodic volunteers,
metrics for measuring EV engagement, and measuring the effect of practices on EV.
The fact that the episodic volunteers we interviewed also contributed to a number
of other communities raises the intriguing possibility of studying EV by considering
the interrelatedness of an individual’s contributions across multiple projects.
Although FLOSS episodic volunteers have significant similarities with FLOSS
contributors taken as a group, the EV concept allowed for new insights:
• EV is widespread in FLOSS communities, and episodic volunteers can be
found participating in a wide variety of activities.
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• There are currently no significant differences in how episodic versus habitual
volunteers are managed, across FLOSS communities. Communities are not
specifically addressing EV, with the exception of a few initiatives to collaborate
with other communities.
• FLOSS episodic volunteers are likely to be recruited by friends, especially if
they are non-code contributors.
• FLOSS episodic volunteers who talk about their participation are more likely
to intend to remain in the community.
At the same time, our work shows that the general volunteering literature is largely
applicable to the FLOSS context, and that the EV concept can be used to more
fully understand some of the observed differences between the FLOSS literature
and the general volunteering literature.
Our findings were largely consistent across communities, with the biggest
observed difference pertaining to whether or not translations should be done by
episodic volunteers. Given the breadth of communities we examined, we believe
this represents an accurate snapshot of EV in FLOSS.
A better understanding of the phenomenon of EV in FLOSS communities is
important as it recognizes a distinct group of contributors who can help to sustain
FLOSS communities. Thus far, the FLOSS literature has not considered this type
of contributor, and we believe this study provides a foundation for future studies,
and contributes to our understanding of FLOSS communities in general.
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Appendices
Appendix A: Interview Guide for Community Managers
1. Introduction
• Names of participants and projects
• Date
• Consent for interview
2. Establish interview subject’s authority
• Duration of participation
• Capacity
• Extent of interaction with volunteers
• Number of volunteers working with
3. Understand what the interview subject means by volunteering
• How do volunteers contribute to the success of the project
• Which activities are volunteering
• Why are these activities volunteering
• Who is part of the community
• How big is the community
4. What types of episodic volunteering are present
• Has short period (one-off) volunteerism been observed
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• Has longer period (task-based) volunteerism been observed
• Has regular but short (returning) service been observed
• Has irregular but repeated (returning) service been observed
• Give a definition of episodic volunteering
5. What does episodic volunteering look like
• How common is episodic volunteering
• Which activities are done by episodic volunteers
• How are episodic volunteers similar/dissimilar to other volunteers
• Is the prevalence of episodic volunteering changing
6. How are episodic volunteers managed
• Which activities are best suited to episodic volunteers
• Which activities are not suited to episodic volunteers
• Is episodic volunteering useful
• Is it worth investing in episodic volunteering
• Does your volunteering strategy make specific provisions for episodic
volunteering
• Describe the strategies in more detail
• Do you encourage retention of episodic volunteers
7. Conclusion
• Do you have additional insights
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Appendix B: Interview Guide for Episodic Volunteers
This interview was preceded by a questionnaire to determine suitability of the
participant and to measure episodic volunteering constructs.
1. Introduction
• Names of participants and projects
• Date
• Consent for interview
2. Episodic volunteering pattern in a community
• Name the community being discussed
• When did you first volunteer with the community
• How often do you volunteer there
• How much time do you spend volunteering each time
• What type of work do you do
3. Motives and Intentions
• What initially inspired you to volunteer there
• Do you intend to continue to volunteer, if so when
• What factors do you take into consideration when making that decision
4. Experiences
• What are your feelings about the organization, objectives
• Do you consider yourself part of the community
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• How do you feel about the volunteering experience
5. Practices
• What has the community done well to support your volunteering
• What could the community do better to support your volunteering
• Describe each practice mentioned by community managers one at a
time (time-based releases, separating specialist knowledge from project-
specific knowledge, keeping records of all contributions, making public
announcements when additional help is needed, personally contacting
you to ask for help with a specific problem in your area of expertise,
inviting you to local events)
• How would this practice influence your volunteering
6. Volunteering identity/behavior
• Do you volunteer for other organizations or projects
• What common factor characterizes your volunteering
7. Conclusion
• Do you have additional insights
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González-Barahona (2006). “The processes of joining in global distributed
software projects”. In: Proceedings of the 2006 international workshop on Global
software development for the practitioner. New York, NY, USA: ACM, pp. 27–
33.
Hertel, Guido, Sven Niedner, and Stefanie Herrmann (2003). “Motivation of software
developers in Open Source projects: an Internet-based survey of contributors to
the Linux kernel”. In: Research policy 32.7, pp. 1159–1177.
Hinds, Pamela and Cathleen McGrath (2006). “Structures that work: social struc-
ture, work structure and coordination ease in geographically distributed teams”.
In: Proceedings of the 2006 20th anniversary conference on Computer supported
cooperative work. ACM, pp. 343–352.
Hruschka, Daniel J, Deborah Schwartz, Daphne Cobb St John, Erin Picone-Decaro,
Richard A Jenkins, and James W Carey (2004). “Reliability in coding open-
ended data: Lessons learned from HIV behavioral research”. In: Field Methods
16.3, pp. 307–331.
130
Hustinx, Lesley, Debbie Haski-Leventhal, and Femida Handy (2008). “One of a
kind? Comparing episodic and regular volunteers at the Philadelphia Ronald Mc-
Donald House”. In: IJOVA: International Journal of Volunteer Administration
25.3, pp. 50–66.
Hustinx, Lesley and Frans Lammertyn (2003). “Collective and reflexive styles of vol-
unteering: A sociological modernization perspective”. In: Voluntas: International
Journal of Voluntary and Nonprofit Organizations 14.2, pp. 167–187.
Hyde, Melissa K., Jeff Dunn, Caitlin Bax, and Suzanne K. Chambers (2016).
“Episodic Volunteering and Retention: An Integrated Theoretical Approach”. In:
Nonprofit and Voluntary Sector Quarterly 45.1, pp. 45–63.
Hyde, Melissa K., Jeff Dunn, Paul A. Scuffham, and Suzanne K. Chambers (2014).
“A systematic review of episodic volunteering in public health and other contexts”.
In: BMC public health 14.1, pp. 992–1008.
Iriberri, Alicia and Gondy Leroy (2009). “A life-cycle perspective on online com-
munity success”. In: ACM Computing Surveys (CSUR) 41.2, p. 11.
Jacobs, Jerry A (1998). “Measuring time at work: are self-reports accurate?” In:
Monthly Labor Review 121, pp. 42–53.
Jansen, Harrie (2010). “The logic of qualitative survey research and its posi-
tion in the field of social research methods”. In: Forum Qualitative Sozial-
forschung/Forum: Qualitative Social Research 11.2.
Kagdi, Huzefa, Maen Hammad, and Jonathan I Maletic (2008). “Who can help me
with this source code change?” In: Proc. IEEE Int. Conf. Software Maintenance.
Piscataway, NJ, USA: IEEE, pp. 157–166.
131
Koch, Stefan and Georg Schneider (2002). “Effort, co-operation and co-ordination
in an open source software project: GNOME”. In: Information Systems Journal
12.1, pp. 27–42.
Krishnamurthy, Rajiv, Varghese Jacob, Suresh Radhakrishnan, and Kutsal Dogan
(2016). “Peripheral developer participation in open source projects: an empirical
analysis”. In: ACM Transactions on Management Information Systems (TMIS)
6.4, pp. 14–45.
Krishnamurthy, Sandeep (2002). “Cave or community? An empirical examination
of 100 mature open source projects”. In: First Monday 7, 10.5210/fm.v7i6.960
(6). doi: https://doi.org/10.5210/fm.v7i6.960.
von Krogh, Georg, Stefan Haefliger, Sebastian Spaeth, and Martin W Wallin (2012).
“Carrots and rainbows: motivation and social practice in open source software
development”. In: MIS quarterly 36.2, pp. 649–676.
von Krogh, Georg, Sebastian Spaeth, and Karim Raziabdullah Lakhani (2003).
“Community, joining, and specialization in open source software innovation: a
case study”. In: Research Policy 32.7, pp. 1217–1241.
Lakhani, Karim Raziabdullah (2006). “The core and the periphery in distributed
and self-organizing innovation systems”. PhD thesis. Massachusetts Institute of
Technology.
Lakhani, Karim Raziabdullah and Robert G Wolf (2005). “Why hackers do what
they do: Understanding motivation and effort in free/open source software
projects”. In: Perspectives on Free and Open Source Software. Ed. by Joseph
Feller, Brian Fitzgerald, Scott A. Hissam, and Karim R. Lakhani. C: The MIT
Press, pp. 3–22.
132
Lee, Amanda and Jeffery C Carver (2017). “Are One-Time Contributors Different?
A Comparison to Core and Periphery Developers in FLOSS Repositories”. In:
International Symposium on Empirical Software Engineering and Measurement.
USA: ACM/IEEE, pp. 1–10.
Lee, Amanda, Jeffrey C Carver, and Amiangshu Bosu (2017). “Understanding the
impressions, motivations, and barriers of one time code contributors to FLOSS
projects: a survey”. In: Proceedings of the 39th International Conference on
Software Engineering. Piscataway, NJ, USA: IEEE, pp. 187–197.
Lee, Gwendolyn K and Robert E Cole (2003). “From a firm-based to a community-
based model of knowledge creation: The case of the Linux kernel development”.
In: Organization science 14.6, pp. 633–649.
Lerner, Josh and Jean Tirole (2002). “Some simple economics of open source”. In:
The journal of industrial economics 50.2, pp. 197–234.
Lu, Yingda, Param Vir Singh, and Baohong Sun (2016). “Is Core-Periphery Network
Good for Knowledge Sharing? A Structural Model of Endogenous Network
Formation on a Crowdsourced Customer Support Forum”. In: MISQ 41, pp. 607–
628.
Lundell, Björn, Brian Lings, and Edvin Lindqvist (2006). “Perceptions and uptake
of open source in Swedish organisations”. In: IFIP International Conference
on Open Source Systems 203. Ed. by Ernesto Damiani, Brian Fitzgerald, Walt
Scacchi, Marco Scotto, and Giancarlo Succi, pp. 155–163.
Ma, Yutao, Yang Wu, and Youwei Xu (2014). “Dynamics of Open-Source Software
Developer’s Commit Behavior: An Empirical Investigation of Subversion”. In:
Proceedings of the 29th Annual ACM Symposium on Applied Computing. New
York, NY, USA: ACM, pp. 1171–1173.
133
Maass, Wolfgang (2004). “Inside an open source software community: Empirical
analysis on individual and group level”. In: Proceedings of the 4th Workshop on
Open Source Software Engineering. IET, pp. 64–70.
Macduff, Nancy (1990). “Episodic Volunteers: Reality for the Future.” In: Voluntary
Action leadership Spring, pp. 15–17.
— (2005). “Societal changes and the rise of the episodic volunteer”. In: Emerging
areas of volunteering 1.2, pp. 49–61.
Macduff, Nancy, F. Ellen Netting, and Mary Katherine O’Connor (2009). “Multiple
ways of coordinating volunteers with differing styles of service”. In: Journal of
Community Practice 17.4, pp. 400–423.
Masmoudi, Héla, Matthijs den Besten, Claude de Loupy, and Jean-Michel Dalle
(2009). “Peeling the onion”. In: IFIP International Conference on Open Source
Systems. Berlin, Germany: Springer, pp. 284–297.
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Successful Free/Libre and Open Source Software (FLOSS) projects incorporate both
habitual and infrequent, or episodic, contributors. Using the concept of episodic
volunteering (EV) from the general volunteering literature, we derive a model
consisting of five key constructs that we hypothesize affect episodic volunteers’
retention in FLOSS communities. To evaluate the model we conducted a survey
with over 100 FLOSS episodic volunteers. We observe that three of our model
constructs (social norms, satisfaction and community commitment) are all positively
associated with volunteers’ intention to remain, while the two other constructs
(psychological sense of community and contributor benefit motivations) are not.
Furthermore, exploratory clustering on unobserved heterogeneity suggests that
there are four distinct categories of volunteers: satisfied, classic, social and obligated.
Based on our findings, we offer suggestions for projects to incorporate and manage
episodic volunteers, so as to better leverage this type of contributors and potentially
improve projects’ sustainability.
1 Introduction
An increasing trend in the volunteering sector, which has also been observed in
Free/Libre Open Source Software (FLOSS) projects is that of the episodic volun-
teer. Episodic volunteers, in contrast to habitual volunteers, make contributions
infrequently or irregularly, and for a short duration. The term encompasses one-off
as well as returning contributors. It has been proposed that infrequent contributors
have different motivations than frequent contributors (Krishnamurthy et al., 2016),
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and recent research has shown differences in outlook between returning participants
and those who make only one contribution (Lee and Carver, 2017), or who fail
to have their contribution accepted (Steinmacher et al., 2018a). Crowston (2011)
argued that highly skilled knowledge workers are extremely mobile, and cannot be
retained through salary alone—rather, firms need competency in volunteer manage-
ment. Understanding the factors that might affect retention of episodic volunteers
can lead to a better understanding of voluntary participation. This in turn can lead
to important insights for FLOSS communities as retaining contributors is essential
to projects’ sustainability.
While there have been a few studies of episodic volunteers in recent years, there
has been scant research that seeks to understand what might make this specific
type of volunteer stay in FLOSS communities. Interestingly, the general literature
on volunteering (not specific to FLOSS) is in a more mature state. Hence, we
draw on this general volunteering literature to investigate a set of common factors
associated with episodic volunteers’ retention. While some of these factors have
been discussed in previous work, this study is the first to explore these factors in
an integrated approach.
We do not suggest that the concepts we use cannot also be applied to habitual
contributors, and indeed it is possible that the model might prove more broadly
applicable. However, we have chosen to focus on episodic volunteers in order to
produce less ambiguous results.
In this paper we make the following contributions:
• We develop a theoretical model of retention of episodic volunteers in FLOSS
communities and assess it through a survey.
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• We examine the moderating effects of age, gender, tenure, and contribution
type on the retention of FLOSS episodic volunteers.
• We present the results of an exploratory cluster analysis of our data, which
identified four distinct categories of volunteers.
The remainder of this paper is organized as follows. Sec. 2 presents related work
from both the FLOSS and general volunteering literature, while Sec. 3 builds upon
the literature to derive our hypotheses. Sec. 4 describes our methodology. Sec. 5
explores the quality of the data and the measurement model, and Sec. 6 tests the
theory. Sec. 7 discusses implications and limitations, and concludes the paper.
2 Related Work
2.1 Contributor Retention
A key concern in any FLOSS project is its sustainability, and a major factor that
affects this is the project’s ability to retain contributors (Gamalielsson and Lundell,
2014). Previous studies found that a high level of developer turnover has negative
impacts on the code quality and on a community’s ability to retain knowledge
(Foucault et al., 2015; Izquierdo-Cortazar et al., 2009).
Some factors which affect retention cannot be controlled: the popularity of the
project, and how early in the life-cycle a developer joins (Zhou and Mockus, 2015;
Lin et al., 2017). However, there are also measures that communities can take
to encourage retention. For example, modular code and early social interactions
with peers are both associated with retention (Midha and Palvia, 2007; Zhou and
Mockus, 2015). But even before joining, people may face technical and social
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barriers. These barriers affect not only whether they will attempt or succeed at
an initial contribution, but also whether they will attempt again (Steinmacher
et al., 2015; Steinmacher et al., 2018a; Lee et al., 2017). The acceptance of a
person’s first contribution and their prior coding experience affects their eventual
retention in the community (Zhou and Mockus, 2015; Silva et al., 2017; Schilling
et al., 2012). Furthermore, a person’s ability to overcome barriers can depend on
the dissonance a person experiences between their motivations and experiences,
and the type of barriers (Davidson et al., 2014; Hannebauer and Gruhn, 2017;
Mendez et al., 2018). Steinmacher et al. (2015) identified five categories of barriers
affecting FLOSS newcomers: technical hurdles, documentation, social interaction,
newcomers’ previous knowledge, and finding a way to start. Diminishing barriers
to entry has therefore become a focal point in the discussion of attracting and
retaining contributors (Steinmacher et al., 2014; Steinmacher et al., 2018b).
Sustained participation depends not only on a person’s experience with a
community, but also on their own state of mind. People who are driven by a
personal need are less likely to remain than those who enjoy the work (Shah,
2006). However, people who identify with the community and see themselves as
participants are more likely to remain (Fang and Neufeld, 2009; Von Hippel and
von Krogh, 2003).
Despite considerable research, the FLOSS literature lacks an understanding that
explains developer retention. In the general volunteering literature, Omoto and
Snyder (2002) developed the Volunteer Process Model, which categorizes factors by
level of analysis (agency, individual volunteer, and social system) and the stage of
the volunteer process they pertain to (antecedents, experiences, and consequences).
Based on the Volunteer Process Model, at least two models have been developed
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focusing on retention at the individual level of analysis: the Three-stage Model of
Volunteers’ Duration of Service (Chacón et al., 2007), and the Episodic Volunteer
Engagement and Retention (EVER) model (Hyde et al., 2016). The individual level
of analysis is the logical place to focus, as it includes most of the factors identified
in the FLOSS literature, such as demographics, prior experiences, motivations, and
skills (Omoto and Snyder, 2002). As we build our theoretical model (see Sec. 3),
we draw on these models, which also informed our recent exploratory study that
focused on practices for managing EV in FLOSS communities (Barcomb et al.,
2018b).
2.2 Episodic Volunteers in FLOSS Communities
Episodic volunteering (EV) describes short-term, erratic, and conditional partici-
pation (Macduff, 2005), including both one-off and returning contributors. In the
general EV literature, retention does not describe the conversion of an episodic
volunteer to a habitual volunteer (i.e., a non-episodic volunteer), but to an ongoing,
low frequency relationship. A contributor is considered habitual when participation
occurs at regular, predictable intervals, or when it persists for more than a few
months continuously (Macduff, 1990; Macduff, 2005; Smith et al., 2006). Episodic
volunteers are part of the changing face of volunteerism, where more people con-
tribute less time, less consistently (Hustinx and Lammertyn, 2003; Macduff, 2005).
Understanding EV and informing organizations, including FLOSS communities,
to make better use of the potential that episodic volunteers offer, is therefore
extremely important for FLOSS projects’ sustainability (Safrit and Merrill, 2002;
Hyde et al., 2014).
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It has long been established that a relatively small number of people, so-called
core contributors, make the largest proportion of contributions (Nakakoji et al., 2002;
Crowston et al., 2004). Yet other contributors, known as peripheral contributors,
are still important for the well-being of the project. They disseminate information
about the project to a wider audience, increase innovation, and engage in citizenship
behaviors such as monitoring copyright infringement and enforcing community
rules (Lakhani, 2006; Setia et al., 2012; Rullani and Haefliger, 2013; Krishnamurthy
et al., 2016). Nonetheless, there are issues with peripheral contributors: their work
is more likely to be rejected, and it is more likely to diverge from the project’s vision
(Lee and Carver, 2017; Steinmacher et al., 2018a). While there are similarities
between core and peripheral contributors, for instance in the range of motivations
that lead them to contribute (Krishnamurthy et al., 2016), there are also differences
that might affect retention. Peripheral contributors are more likely motivated
to participate to gain a reputation, and may be more driven by a personal need
(Krishnamurthy et al., 2016; Shah, 2006).
The challenges of episodic participation are not limited to FLOSS communities,
but can also exist within firms. There are a number of parallels between knowledge
workers and FLOSS participants, such as non-financial motivations and dynamic
participation stemming from multi-teaming, which mean that managers may benefit
from treating employees as volunteers (Crowston, 2011; Tannenbaum et al., 2012).
FLOSS development patterns are now also seen within firms, such as inner source,
where voluntary inter-team collaboration are encouraged (Stol et al., 2011; Capraro
and Riehle, 2017). Usually these contributions take the form of sharing expertise or
adding features outside of an employee’s assigned focus in order to facilitate their
own work, and participation in a particular project is therefore typically episodic in
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nature. Episodic participation is thus widespread and should be of interest to both
FLOSS projects and organizations which wish to grow flourishing communities.
So far, much of our discussion has focused on code contributions. Carillo
et al. (2017) pointed out that the omission of non-code contributions is a clear
limitation of much existing FLOSS research. In any FLOSS project involving
more than a few people, contributors engage in a wide range of non-code activities,
from project planning to advocacy (Jensen and Scacchi, 2007; Fang and Neufeld,
2009). Our current understanding of FLOSS contributors as either ‘core’ or
‘periphery’ comes from digital records such as code submissions and bug reports
(e.g., (Mockus et al., 2002)), and the literature on retention has a similar dependency.
However, more than a quarter of FLOSS participants are primarily involved in
non-code activities (Arjona-Reina et al., 2014), making it difficult to generalize
our understanding of FLOSS participation from code contributors alone. Thus,
there are clear opportunities to address this gap in the FLOSS literature, and the
current study seeks to contribute to this goal.
Surveys of FLOSS contributors have also inclined toward considering a small
number of projects (Carillo et al., 2017) or a group of large and mature projects
(Lee et al., 2017). The majority of FLOSS communities are, however, small
(Krishnamurthy, 2002), and even small projects can have episodic contributors
(Barcomb et al., 2018b). Similarly, the general EV literature concerning retention
has largely focused on single case studies (e.g., (Hustinx et al., 2008; Hyde et al.,





We now turn our attention to developing a theoretical model to set the focus of
our study. We ground our model in the general volunteering literature, which
presents five key constructs that were identified as being particularly relevant to
the retention of volunteers (Omoto and Snyder, 2002; Snyder and Omoto, 2008;
Chacón et al., 2007; Hyde et al., 2016). These constructs are: contributor benefit
motivations, social norms, psychological sense of community, satisfaction, and
community commitment. A previous study used this as a conceptual framework for
a qualitative survey of episodic participation in FLOSS (Barcomb et al., 2018b).
Consistent with Ajzen’s Theory of Planned Behavior, a contributor’s intention
to remain is the single best predictor of their actual behavior, and is therefore widely
used as a proxy for retention (Ajzen, 1991; Chacón et al., 2007). We now discuss
each construct and develop hypotheses pertaining to FLOSS episodic volunteers.
Contributor Benefit Motivations
Contributor motivations have been extensively studied and documented in the
FLOSS literature; von Krogh et al. (2012) provide an overview. Despite the
extensive attention this topic has received, there is still disagreement on whether
FLOSS community members who have a personal need to use the software are less
likely to remain (Shah, 2006) or equally likely to remain (Fang and Neufeld, 2009).
Generally it is accepted that among peripheral contributors, extrinsic motivations
are not associated with retention (Lee et al., 2017; Krishnamurthy et al., 2016).
Motivation can also be classed as other-oriented (also known as altruistic), or
self-oriented, when it concerns an individual contributor’s personal benefit (Hyde
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et al., 2016; Osterloh and Rota, 2007). Intrinsic motivations such as “to have
fun” and extrinsic motivations such as “increased employment opportunities” are
both examples of contributor benefit motivations. Disagreements exist in the
general episodic volunteer literature as well; Hyde et al. (2016) found that general
episodic volunteers are less likely to remain when they seek personal benefit, but
Handy et al. (2006) found that motivation had no effect on retention. Hyde et al.
(2016) proposed that the context of EV determines the effect of contributor benefit
motivations on retention. We therefore are guided by the FLOSS literature in our
hypothesis:
Hypothesis 1 (H1). Contributor benefit motivations are positively associated
with intention to remain among FLOSS episodic volunteers.
Social Norms
The term social norms refers to the pressure that participants experience as a result
of how those in their environment view the volunteering activity (Omoto and Snyder,
2002). In a FLOSS context, little research has been conducted on the effects of social
norms on participation, although an exploratory study suggested that non-code
contributors in particular are influenced by social norms (Barcomb et al., 2018b).
The majority of work situating FLOSS contributors within their environment has
looked at cultural factors (Takhteyev and Hilts, 2010) or organizational culture
(Dahlander and Magnusson, 2005). In the general volunteering literature, social
norms are a significant contributing factor in recruitment (Omoto and Snyder,
2002). Episodic volunteers are even more likely than habitual volunteers to be
recruited out of a sense of civic responsibility (Hustinx et al., 2008), and social
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norms are an identified construct in EV retention (Hyde et al., 2016). We therefore
propose:
Hypothesis 2 (H2). Social norms are positively associated with intention to
remain among FLOSS episodic volunteers.
Psychological Sense of Community
The term psychological sense of community describes the motivation a person
experiences upon encountering a simpatico group (Omoto and Snyder, 2002).
Psychological sense of community is believed to be associated with an increased
intention to remain among FLOSS contributors (Masmoudi et al., 2013; Lakhani and
Wolf, 2005). Even peripheral and one-time contributors can experience psychological
sense of community (Masmoudi et al., 2009; Lee et al., 2017). In EV it is unclear
if psychological sense of community is associated with retention or not (Hyde
et al., 2014; Hyde et al., 2016). One possible explanation for the difference is that
Hyde et al. (2016) considered only a local group, whereas psychological sense of
community can encompass a geographically dispersed community of like-minded
people (Omoto and Malsch, 2005), a point which is especially relevant in a FLOSS
context. Previous FLOSS findings suggest:
Hypothesis 3 (H3). Psychological sense of community is positively associated
with intention to remain among FLOSS episodic volunteers.
Satisfaction
Satisfaction occurs when a person’s expectations match their experiences (Clary
et al., 1998). Satisfaction has been identified as the single best predictor of
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FLOSS participants’ intention to remain (Wu et al., 2007). In EV, satisfaction has
been found to be an extremely important factor in retention (Hyde et al., 2016).
However, it has also been claimed that expectations of satisfaction decrease over
time (Harrison, 1995; Chacón et al., 2007) and that, consequently, satisfaction is
not a distinguishing factor in EV retention (Hustinx et al., 2008). Considering
the mixed findings from the volunteering literature, but the clear message in the
FLOSS literature, we propose:
Hypothesis 4 (H4). Satisfaction is positively associated with intention to remain
among FLOSS episodic volunteers.
Community Commitment
Community commitment describes how people identify as members of the com-
munity and agree with that community’s goals (Mowday et al., 1979; Grube and
Piliavin, 2000). FLOSS contributors who identify with the values and objectives
of FLOSS, or who see themselves as members of a community are more likely to
remain (Fang and Neufeld, 2009). This observation extends to peripheral con-
tributors (Masmoudi et al., 2009; Rullani and Haefliger, 2013). In the general
volunteering literature, community commitment and viewing oneself as a volunteer
are predictors of intention to remain (Chacón et al., 2007). This is also true of
episodic volunteers (Filo et al., 2009; Hyde et al., 2016), although the effect is less
pronounced than among habitual volunteers (Handy et al., 2006). The combined
volunteering and FLOSS literature is in agreement on the relevance of community
commitment, leading us to propose:
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Hypothesis 5 (H5). Community commitment is positively associated with inten-
tion to remain among FLOSS episodic volunteers.
4 Research Design
We conducted an online survey among episodic volunteers in FLOSS projects.
Surveys are suitable to gather a large number of responses, necessary to evaluate
a theoretical model such as ours. We discuss the survey design, participant
recruitment, data collection, and analysis procedures.
4.1 Survey Design
The survey consisted of eight sections: demographics, volunteering experience,
and the six constructs in our theoretical model. Each of these six constructs
is a so-called latent variable, representing abstract or complex phenomena. To
measure latent variables, we can define each as a set of related indicators, which
are called measurement instruments. For our model, we adopted instruments from
the volunteer and organizational literature. All instruments had previously been
applied to volunteering (e.g., (Hyde et al., 2016)), and we tailored these to suit the
FLOSS context. For each indicator, we used a five-point Likert scale (ranging from
1 representing strongly agree, to 5 representing strongly disagree). All constructs in
our model are “reflective” (as opposed to “formative”); any change in a reflective
construct is reflected by its indicators (Hair Jr et al., 2016). Our survey instrument
is provided in an online appendix (Barcomb et al., 2018a).
Below we provide details about the survey instrument:
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• Demographics. Demographic information was optional. Participants self-
reported their gender, year of birth, and education level.
• Volunteering Experience. Participants were asked about the number of
projects they contributed to episodically and habitually, in the last year;
when they first contributed; their estimated hours per month; and primary
area of contributions, aligned with the language used in the FLOSS ’13 survey
(Arjona-Reina et al., 2014).
• Contributor Benefit Motivations. We adapted an instrument developed
by Won and Park (2010). Some questions could not be adapted to a FLOSS
context and were dropped, leaving six questions.
• Psychological Sense of Community. We adapted an instrument devel-
oped by Costa et al. (2006). One question was not applicable to online
participation and was removed, leaving three questions.
• Social Norms. We used an eight question instrument with three reverse-
scored items developed by Callero (1985).
• Satisfaction. Satisfaction was measured with six questions developed by
Clary et al. (1998).
• Community Commitment. We adapted an instrument developed by
Mowday et al. (1979). Employment-specific questions were discarded, leaving
9 items, of which 4 were reverse-scored.
• Intention to Remain. We used an eight question instrument developed by
Garner and Garner (2011) .
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To ensure the language of the survey was appropriate, we conducted a small pilot
study, during which we observed three experienced FLOSS contributors completing
the survey, and interviewed them about their experience afterwards. Based on this,
we improved our instructions on how to identify EV.
4.2 Participant Selection
We conducted an open survey which was advertised in a number of ways: at general
FLOSS events such as FOSDEM and T-DOSE; at community-specific events such
as Mozfest, the European Perl Conference, and DjangoCon; on community-specific
forums and mailing lists such as Debian forums; and on social media such as
Twitter, LinkedIn and Reddit. A complete list of the venues where the survey was
promoted can be found in the appendix (Barcomb et al., 2018a). We decided on
this approach over using a list of previously identified episodic volunteers obtained
from GitHub because we wanted to ensure non-code contributors were adequately
represented—as pointed out above, non-code contributors may not leave a digital
trace.
The survey only targeted episodic volunteers. The stated purpose was under-
standing volunteering habits, where volunteering was described as “any type of
unpaid activity, including: documentation, translation, bug reports, mentoring,
programming, or any other activity you do for an open source project.” We only
included participants who self-identified as engaging in EV in the previous 12
months. EV was described as not habitual, where habitual was defined as: “10 or
more substantial contributions” or “2 or more contributions of any size per month,
for 6 consecutive months.” This description was the lead author’s interpretation
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Table 1: Volunteering characteristics
Mean Med Max Min
No. projects participated in habitually 1.76 1 10 0
No. projects participated in episodically 4.43 3 79 1
Primary episodic project (years participated) 5.66 3 20 < 1
of the EV literature, based on her experience as a FLOSS contributor, and was
provided in response to feedback from the pilot study. The EV literature provides
only vague boundaries, such as “someone who gives service on a regular basis for
less than six months” is episodic, while “serving on a committee that meets once
per month all year long” is habitual engagement (Macduff, 2005).
Our respondents participated in a wide range of projects, not only large projects
such as Drupal and the Linux kernel, but also small projects like Butterfly Effect.
In total, respondents represented 75 different communities. Projects with more
than one mention included Blender, Debian, Perl, Joomla!, and ONOS. Table 1
presents the characteristics of our sample.
A common challenge in sample studies such as ours is to achieve a sufficiently
large number of respondents. Given the time commitment that was required of
respondents, we used the incentive of a prize draw (with gift certificates of $100,
$50, $25, $25) in order to increase the number of responses. Prize draws have been
shown to improve completion rates for web-based surveys, and are in fact often
expected (Bosnjak and Tuten, 2003; Heerwegh, 2006).
Chapter 3
158
4.3 Data Collection and Analysis
The data were collected between 2016 and 2017. In total, 118 people started the
survey and identified themselves as episodic volunteers. Of these, 101 completed
the survey, for a completion rate of 86%.
We used Partial Least Squares Structural Equation Modeling (PLS-SEM) to
analyze the data, because it focuses on explaining variances of dependent variables.
PLS-SEM is suitable because the instruments were not previously applied to
a FLOSS context—therefore, we could not be certain of the fitness of all item
measures (Chin, 2010). A second consideration for PLS-SEM was its capability
of achieving a solution with smaller numbers of respondents than what would be
required for covariance-based structural equation modeling (CB-SEM), although
adequate sample sizes of at least 90 are still required to recognize medium effects
and avoid falsely identifying significant paths (Goodhue et al., 2006). We conducted
our analyses using the PLSPM package in R (Sanchez, 2013) and SmartPLS version
3 (Ringle et al., 2015).
5 Data Quality and Measurement Model
In this section we first evaluate the quality of the collected data, followed by an
evaluation of the measurement model. These analyses are necessary to be able to




We conducted a number of tests to evaluate the quality of the data, including
sampling adequacy, common method bias, and representativeness.
5.1.1 Sampling Adequacy
To ensure that our data were suitable for factor analysis, we conducted two tests.
We first conducted Bartlett’s test of sphericity on all constructs. P values less than
.05 indicate that factor analysis may be useful; we found a p value = .0000. Second,
we calculated the Kaiser-Meyer-Olkin measure of sampling adequacy. Our result
(.78) was well above the recommended threshold of .6.
5.1.2 Common Method Bias
All data were collected through a single instrument (the survey), and methodological
researchers have suggested this may lead to a systematic measurement error known
as Common Method Bias (CMB) (or Common Method Variance). We tested for
the presence of CMB using Harman’s single factor test (Podsakoff and Organ, 1986)
on the six latent variables in our model. Results showed that no factor explained
more than 22% of the variance. An exploratory factor analysis (EFA) without
rotation was run with a forced single factor solution, which accounted for 28%
of variance. This is well below the maximum cut-off value of 50%. These results




Our survey was targeted at episodic volunteers in FLOSS projects. We compared
our sample to a recent large-scale survey of FLOSS participants (which we refer
to as “FLOSS ’13” (Arjona-Reina et al., 2014)) in order to assess the extent to
which our sample is representative of the more general FLOSS volunteer population.
Table 2 presents a summary of the descriptive statistics, which we discuss below.
We also compared our sample to “OS ’17” (Github, 2017), another large survey,
but in a more limited fashion because contribution types could not be directly
compared.
The FLOSS ’13 data has two variables from which birth year is derived (the
year participation began and the age of the contributor at that time) which contain
unbounded intervals. They were adapted as follows: “before 1960” was set to 1960,
“between 1970 and 1980” was given a distribution from {1970, ..., 1980}, “10 or
younger” was given a distribution from {8, 9, 10}, and “55 or older” was given a
distribution from {55, ..., 65} (Barcomb et al., 2015). OS ’17 used ranges for age and
we also replaced these with distributions. Using a Welch two-sample t-test for age,
and a χ2 test for gender, we found no statistically significant difference between our
sample and the FLOSS ’13 survey sample. However, OS ’17 significantly differed
from our sample on both gender and age.
When comparing contribution types, respondents of our survey were more
evenly distributed over the three categories of code, other (non-code), and both
code and other contributions. We found that both contribution type and education
differ significantly between our sample and the FLOSS ’13 sample (p < .05).
OS ’17 also differs significantly from our sample on education. However, in an
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Table 2: Descriptive statistics of this study, FLOSS ’13 (Arjona-Reina et al., 2014),
OS ’17 (Github, 2017), EV ’14 (Hyde et al., 2016),
This study FLOSS ’13 OS ’17 EV ’14
Age (n) 96 1818 3578 340
Mean birth year 1977 1979 1987 1971
Gender (n) 90 2032 3551 337
Female 13.33% 11.12% 3.52% 89.61%
Male 84.44% 87.40% 95.38% 10.39%
Other 2.22% 1.48% 1.10% n/a
Education (n) 98 2017 3697 338
University 78.57% 77.69% 65.70% 39.64%
Trade school 8.16% 3.27% 3.44% 28.11%
High school 11.22% 17.85% 27.45% 0.47%
Primary school 2.04% 1.19% 3.41% 1.78%
Contribution (n) 101 2155 n/a n/a
Primarily code 33.66% 48.63% n/a n/a
Primarily other 28.71% 26.77% n/a n/a
Both equally 37.62% 24.59% n/a n/a
analysis of FLOSS ’13 and our sample combined, we determined that education
and contribution type are strongly correlated (p < .01). Therefore, we attribute
differences in education to our participant selection approach, which involved
deliberately seeking to include non-code contributors. Contribution type is not
correlated with age, hours contributed, number of episodic projects participated in,
number of habitual projects, or gender (p < .05).
5.1.4 Comparison to General Episodic Volunteers
We also compared our sample of episodic volunteers in FLOSS to a general study
of (non-FLOSS) episodic volunteers conducted in 2014 (referred to as “EV ’14”)
by Hyde et al. (2016). Compared to volunteers in general, volunteer FLOSS
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contributors are younger, more likely to be educated, and more likely to be male
(Aiyer Ghosh et al., 2002). In a study of retention among episodic volunteers,
Hyde et al. (2016) reported a sample which was almost 90% female, almost 40%
university educated, and older on average than our respondents with 1971 as
mean birth year. Compared to our sample, these are very significant differences;
hence, conclusions from general studies of episodic volunteers do not automatically
translate to FLOSS episodic volunteers. This further strengthens our motivation
to investigate factors associated with retention of FLOSS episodic volunteers.
5.2 Evaluation of the Measurement Model
The measurement model represents the operationalization of the research model.
We adapted existing measurement instruments for each of the constructs (see Sec. 4).
In this section, we evaluate the measurement model. Given that all constructs
are reflective, we evaluate their convergent validity, internal consistency reliability,
multi-collinearity, and discriminant validity (Hair Jr et al., 2016).
5.2.1 Convergent Validity
Convergent validity refers to how well indicators of a given construct correlate. All
constructs in our model are reflective (not formative), which means that indicators
are considered to be different ways to measure the same construct—they should
share a considerable proportion of variance, or converge. To assess convergent
validity, two metrics are important: the outer loadings of a construct’s indicators
and the Average Variance Extracted (AVE).
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A common rule of thumb suggests that a construct should explain at least 50%
of variation in its indicators (Hair Jr et al., 2016). This variance is indicated by the
squared value of an indicator’s outer loading; hence, loadings should be at least the
square root of 0.5, which is 0.708. In practice, a loading of 0.7 is widely considered
sufficient.
Indicators with loadings below 0.4 are considered too weak to retain (Hair Jr
et al., 2011). This led us to drop three indicators. Indicators with outer loadings
between 0.4 and 0.7 should be considered for removal when the internal consistency
reliability (discussed below) is improved by doing so (Hair Jr et al., 2016). We
removed indicators with loadings below 0.7 in an iterative fashion, at any time
removing the indicator with the lowest loading. As we progressed, we evaluated
the AVE and metrics for internal consistency reliability and unidimensionality
(discussed below). After an indicator was removed, recalculating the remaining
loadings could result in additional loadings less than 0.7. Ultimately, all indicators
with loadings greater than 0.7 were retained, and none of them had loadings less
than 0.7.
The AVE is equivalent to a construct’s communality (Hair Jr et al., 2016),
which is the proportion of variance that is shared across indicators. A reflective
construct is supposed to reflect (or “cause”) any change in its indicators. As we are
looking for convergence of the indicators, this shared variance must be considerable,
and a rule of thumb is that this value be at least 0.5 (so that at least half of
the variance is shared across indicators). As Table 4 shows, AVE values for all
multi-item constructs are well above that threshold.
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5.2.2 Internal Consistency Reliability and Unidimensionality
Internal consistency reliability refers to the extent to which the indicators (manifest
variables, or items) are consistent with one another. A high degree of consistency
means that the indicators refer to the same construct. A common measure of this
is Cronbach’s α, which varies between 0 and 1—higher values suggest a higher
level of reliability. Cronbach’s α has a number of limitations, in that it is sensitive
to the number of items of a construct and it tends to underestimate the internal
consistency reliability. In practice, researchers use Cronbach’s α as a conservative
measure of internal consistency. An alternative measure is Composite Reliability
(CR), which has the same scale as Cronbach’s α, and can generally be interpreted
in the same way (Hair Jr et al., 2016). However, the CR tends to overestimate
internal consistency reliability. Hence, we report both. For exploratory research,
values of 0.6–0.7 are acceptable, while for research in a more advanced stage values
between 0.7 and 0.9 are recommended (Hair Jr et al., 2011). Values below 0.6
suggest a lack of internal consistency reliability, whereas values over 0.95 suggest
that indicators are too similar and therefore not desirable. Table 4 shows that the
Cronbach α and CR values for our latent variables all score well above 0.7, with
three out of four scoring between 0.8 and 0.9, and none over 0.95.
Another way to assess multi-item constructs is to look at the first and second
Eigenvalues. The first Eigenvalue should be well over 1.0, whereas the second





Discriminant validity refers to the extent to which the different constructs in a
model are unique—that is, they capture distinct phenomena. There are several
ways to evaluate this. The first is to investigate cross-loadings of indicators. The
outer loadings of a construct’s indicators should be greater than those indicators’
loadings on other constructs. That is, an indicator of construct A should not load
higher onto a different construct B than on A, because that implies it is a better
indicator of construct B. Table 5 shows the cross-loadings. Loading values should
be inspected row by row (not by column). The results in the table suggest there is
no issue with discriminant validity.
A measure for identifying discriminant validity is Henseler’s Heterotrait-monotrait
ratio (HTMT). HTMT replaces the Fornell-Larcker criterion, which was previ-
ously a common method of assessing discriminate validity, but has recently been
demonstrated to be unreliable (Henseler et al., 2015; Ab Hamid et al., 2017).
First, pairwise correlations are calculated between all indicators. Correlations with
indicators from the same construct are within-trait correlations, while correlations
with other indicators are between-trait correlations. For each construct, each mean
between-trait correlation is compared to the mean within-trait correlation. The
cut-off value is 0.9, beyond which discriminant validity is considered problematic
(Henseler et al., 2015), though some researchers consider a more conservative cut-off
of 0.85 (Hair Jr et al., 2016). Besides this, the HTMT ratio should be significantly
different from 1.0, which can be established through a bootstrapping procedure.
Table 6 lists these HTMT ratios—as can be seen, none of the HTMT ratios are
problematic, with all but one value under the conservative cut-off; the remaining
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value is still below the cut-off of 0.9. After bootstrapping, we found that all HTMT
ratios are significantly different from 1.0. This suggests that the constructs in our
model capture different phenomena.
To summarize, we have established that the construct measures are reliable and
valid, allowing us to assess the results of the structural model and our hypotheses.
6 Theory Testing and Exploration
This section presents the results of the evaluation of the structural model. In
addition we also discuss moderating effects of several factors including age, tenure,
gender, and contribution type. Finally, we conducted a cluster analysis to explore
unobserved heterogeneity.
6.1 Structural Model Evaluation
6.1.1 Assessing Collinearity
Our theoretical model consists of five constructs that—we hypothesized—together
predict episodic volunteers’ intention to remain active in a FLOSS community.
To ensure that the five exogenous constructs are independent, we evaluate their
collinearity by means of Variance Inflation Factors (VIF). In our model, all VIF




6.1.2 Path Coefficients and Significance
PLS does not make any assumptions about the distribution underpinning the data,
and hence it cannot use any parametric tests of significance. In order to determine
whether path coefficients are statistically significant, PLS packages implement a
bootstrapping procedure. This involves drawing a large number (typically 5,000) of
random “subsamples” with replacement. All subsamples contain the same number
of observations as the original data set. For each subsample, the PLS path model
is estimated—together, these sets of coefficients form a bootstrap distribution,
which can be considered as an approximation of the sampling distribution. From
this, a standard error and standard deviation can be determined (Hair Jr et al.,
2016). Table 3 shows the results for our five hypotheses. The mean path coefficient
determined by bootstrapping can differ slightly from the path coefficient calculated
directly from the sample; this variability is captured in the standard error of the
sampling distribution of the mean.
Based on the bootstrap results, three hypotheses were supported (H2, H4, H5)
all with p < .05. While H3 was not supported (p = .4386), based on the bootstrap
results we found moderate support for H1 (p = .0611).
Table 3: Results of the bootstrap procedure: mean path coefficients, standard error
estimates, and confidence intervals
Hypothesis Mean se* 95% CI
H1: Cont. Benef. Mot. → Int. rem. 0.100 0.054 (−0.007, 0.205)
H2: Soc. Norms → Int. rem. 0.182 0.057 (0.070, 0.294)
H3: Psy. Sense Comm. → Int. rem. 0.054 0.063 (−0.067, 0.186)
H4: Satisfaction → Int. rem. 0.364 0.064 (0.243, 0.492)
H5: Com. Commitm. → Int. rem. 0.425 0.300 (0.554, 0.537)
Chapter 3
168
Table 4: Cronbach Alpha, Composite Reliability (CR), Eigenvalues (EV), and








Social Norms 0.779 0.858 2.410 0.653 0.602
Satisfaction 0.864 0.908 2.847 0.508 0.711
Comm. Commitm. 0.862 0.898 3.569 0.755 0.593
Intention to Remain 0.885 0.913 3.815 0.647 0.635
6.1.3 Coefficient of Determination and Effect Sizes
Finally, the coefficient of determination (R2) is a measure of the model’s predictive
power. It represents the amount of variance in the endogenous construct (i.e.,
intention to remain) explained by the exogenous constructs (the remaining five
constructs). The R2 value of our model is .774, which can be considered as
substantial (Hair Jr et al., 2016). Table 7 shows the effect sizes of the exogenous
constructs on the endogenous construct. The effect sizes of contributor benefit
motivations and social norms are what Cohen (1988) labeled as ‘small’ (values
between .02 and .15), and neither is statistically significant. The effect size of
psychological sense of community is well below the minimum threshold of .02 to
suggest any effect. The effect size of satisfaction and community commitment can
be classified as large (> .35), and both are statistically significant (p < .05).
6.2 Moderating Factors
We examined our data in order to determine if our participants varied according to
characteristics previously reported as affecting EV. Specifically, we looked at age,
gender, and tenure. For all variables we examined if there were any correlations
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Table 5: Convergent validity of retained indicators (cross-loading). Items marked

















cbm6 I volunteer to learn and develop new skills. 1.000 0.077 0.180 0.173 0.123 0.241
sn2 Other people think that volunteering is im-
portant to me.
0.167 0.755 0.221 0.254 0.408 0.474
sn3 It is important to my friends and relatives
that I continue volunteering.
0.101 0.791 0.263 0.363 0.463 0.520
sn6 Many of the people that I know expect me
to continue as a volunteer.
−0.014 0.828 0.270 0.355 0.521 0.502
sn7 No one would really be surprised if I just
stopped volunteering. (R)
−0.016 0.726 0.489 0.388 0.513 0.466
psc3 If there was a serious problem in the com-
munity, the people could get together to
solve it.
0.180 0.391 1.000 0.447 0.445 0.493
s1 I enjoy my volunteer experience. 0.187 0.416 0.341 0.830 0.407 0.608
s2 My volunteer experience is personally fulfill-
ing.
0.109 0.388 0.442 0.900 0.538 0.648
s3 My volunteer experience is worthwhile. 0.128 0.286 0.345 0.833 0.443 0.559
s6 I am likely to continue to volunteer for this
project.
0.159 0.380 0.374 0.806 0.591 0.670
cc2 I feel very little loyalty to this community.
(R)
0.155 0.391 0.296 0.450 0.701 0.545
cc4 I am proud to tell others that I am a part of
this community.
0.123 0.521 0.351 0.510 0.753 0.683
cc6 It would take very little change in my present
circumstances to cause me to leave the
community. (R)
0.510 0.417 0.297 0.473 0.756 0.477
cc7 There’s not too much to be gained by sticking
with this community indefinitely. (R)
0.104 0.439 0.423 0.456 0.821 0.602
cc8 I really care about the fate of this community. 0.027 0.514 0.386 0.485 0.850 0.714
cc9 For me this is the best of all possible com-
munities to participate in.
0.118 0.530 0.285 0.355 0.730 0.575
ir1 I plan to volunteer for this community in the
future.
0.197 0.445 0.425 0.705 0.682 0.826
ir2 I will recommend that others volunteer for
this community.
0.188 0.643 0.469 0.636 0.680 0.821
ir3 I will tell others about the positive expe-
riences that I had volunteering for this
community.
0.142 0.468 0.305 0.511 0.491 0.743
ir4 I hope that volunteering is a part of my life
for years to come.
0.265 0.476 0.324 0.578 0.524 0.769
ir7 I am more motivated to volunteer because of
my recent volunteer experience with this
community.
0.236 0.464 0.358 0.556 0.556 0.773
ir8 I care about the community for which I vol-
unteer.
0.133 0.513 0.449 0.542 0.802 0.845
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with (other) demographic and volunteer experience variables. We then treated each
variable as a moderating effect in the model. Only results which were significant at
.05 are reported, with confidence intervals calculated through bootstrapping.
6.2.1 Age
Age has been reported to affect the number of hours contributed (Handy et al.,
2006), but not to affect retention (Hyde et al., 2016). We did not find any significant
correlations between age and demographic or volunteer experience variables. Age
did not have a significant moderating effect on our model.






Community Commitment 0.744 0.679
Intention to Remain 0.758 0.840 0.882
Table 7: Effect sizes
Exogenous Construct Effect size p
Contributor Benefit Motivations 0.043 0.4367
Social Norms 0.087 0.1500
Psychological Sense of Community 0.008 0.7812
Satisfaction 0.360 0.0214




Handy et al. (2006) found women were more likely to be habitual volunteers,
and men were more likely to be episodic volunteers. We cannot examine this
claim, due to our data only containing episodic volunteers. We did not find any
significant correlations between gender and demographic or volunteer experience
variables. Gender as a moderating effect in our model showed large differences
between women and men. Women had higher path coefficients for contributor
benefit motives, social norms, psychological sense of community and community
commitment and a lower path coefficient for satisfaction. However, due to the
extremely small number of women and non-binary participants in our sample, we
were unable to bootstrap to determine if the results were significant. We strongly
caution against overestimating the significance of these findings, which at most
recommend further research into gender differences in retention.
6.2.3 Tenure
It has been proposed that a volunteer’s tenure affects which constructs are more
strongly associated with retention (Chacón et al., 2007; Hyde et al., 2016). Tenure
was calculated as the number of years between when the person first contributed
and the year the data was collected. We found no significant differences in any
demographic or volunteer experience variables based on tenure. When tenure was




6.2.4 Other Moderating Effects
We considered contribution type as a moderating variable because it has been
suggested that failure to take non-code contributors into consideration may affect the
generalizability of studies on FLOSS contributors (Carillo et al., 2017). Contribution
type did not have a significant effect.
6.3 Cluster Analysis of Contributor Categories
SEM techniques including PLS-SEM traditionally assume that all observations
are homogeneous and can be represented by a single model (Esposito Vinzi et al.,
2008). However, it is reasonable that this assumption does not always hold, and to
expect that a number of classes of observations exist, each of which exhibit certain
characteristics and behaviors. When a single model is applied to all individuals,
who may or may not be similar, there is a risk of the explanatory power of the
model being diminished. In Sec. 6.2 we investigated known categories, such as
gender, tenure, and type of contribution as moderating factors.
To examine unobserved heterogeneity, or unknown factors, we utilized response-
based unit segmentation (REBUS). REBUS seeks to improve the predictive capacity
of a model by assigning observations to groups based on their distance from the
global and local models, taking into consideration both the inner and outer model
(Esposito Vinzi et al., 2008; Fosso Wamba and Trinchera, 2014). A näıve hierarchical
clustering analysis based on the outer model recommended a four cluster solution;
because this recommendation is an estimate, we explored three, four, and five
cluster solutions with REBUS. The four cluster solution was optimal, in terms of
the Group Quality Index (GQI, a measure comparable to Goodness of Fit Index,
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Satisfied −0.011 −0.102 −0.085 1.054 0.077 0.871
Classic 0.169 0.450 0.170 0.187 0.236 0.883
Social 0.075 0.417 −0.134 0.354 0.424 0.858
Obligated −0.105 −0.091 −0.059 0.013 1.031 0.807
or GoF) and differentiation between groups. The GQI was 0.795, higher than our
original GoF of 0.699. The four clusters contained 31, 20, 19 and 31 observations,
respectively. Differences between the categories were significant at .05.
We examined the inner path coefficients for insight on the differences between
the groups (Table 8) and named them according to the perceived key distinguishing
characteristics. The first group is described as satisfied because satisfaction is the
only independent variable which significantly correlates with intention to remain.
The effect of satisfaction is extremely strong. The second cluster, classic, consists of
people who most closely fit the model we originally predicted. All path coefficients
are positive. Social contributors are most strongly motivated by social norms and
community commitment, although satisfaction also plays a strong role. Finally,
obligated volunteers are extremely community-minded and derive their intention
to remain not from their perception of the community (psychological sense of
community), but from their identification with it (community commitment). We
discuss these findings in more detail in Sec. 7.
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7 Discussion and Conclusion
7.1 Contributions and Implications for Practice and Re-
search
This research has significance for both FLOSS projects as well as organizations
which incorporate knowledge workers in episodic work. Novel aspects of our research
are that it incorporated a large number of non-programmers, and also covered a
large number of projects, including small projects. Table 9 summarizes our findings.
Social norms, satisfaction, and community commitment are all positively as-
sociated with an intention to remain among episodic volunteers. By contrast,
contributor benefit motivations and psychological sense of community cannot be
demonstrated to have a relationship with intention to remain.
Although the path coefficient of social norms is small, it demonstrates that
this largely neglected influence of environment is a factor among FLOSS episodic
volunteers. Satisfaction and community commitment are both strongly linked with
retention, in agreement with previous findings (Wu et al., 2007; Masmoudi et al.,
2009; Rullani and Haefliger, 2013; Stewart and Gosain, 2006). There is a widespread
belief in FLOSS communities that episodic volunteers are not emotionally attached
(Barcomb et al., 2018b) which should be reconsidered in light of our findings, which
shows that community commitment is the construct most strongly associated with
retention.
Comparing non-code contributors to code contributors showed they were similar
in terms of the factors correlated with retention. Studies which generalize about all
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FLOSS contributors based on examining only code contributors may be accurate
when it comes to retention.
Gender seems to have a strong effect on the constructs associated with retention,
although our sample contains too few women and non-binary participants to draw
clear conclusions. This corresponds to recent findings that newcomer barriers
are gender-biased (Mendez et al., 2018). It is not inconceivable that retention
mechanisms may also be tuned toward some constructs over others, to the detriment
of retaining women. However, further research is clearly needed on this issue.
Tenure does not appear to affect the constructs associated with retention among
FLOSS volunteers, which contradicts existing models on volunteerism (Chacón
et al., 2007; Hyde et al., 2016). More research, especially incorporating volunteers
from many types of organizations, is needed to determine if FLOSS is unusual in
this regard, or if the effects of tenure vary by charitable focus.
Age does not have a significant moderating effect on our model, either. As
with tenure, this suggests that studies generalizing about EV should include a wide
range of communities.
Although our conceptual model only retains three independent variables and
does not fully explain intention to remain, it provides a basis for further attempts
to model retention in FLOSS. The addition of further constructs, such as altruistic
motivations, may lead to a more complete model.
Our most unexpected and interesting finding is that considering unobserved
heterogeneity, four distinct groups of episodic volunteers can be identified. The
higher GoF of the clustered model over the original model may explain why it
has been difficult to generalize factors associated with retention. Rather than
dividing participants into two groups, those who remain and those who do not
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(Shah, 2006), we can further divide those who remain into different types. We can
see evidence of the groups in prior literature. The satisfied group is, of course,
well-represented in Wu et. al’s (2007) study. The classic group corresponds closely
with the type of episodic volunteers described in the general volunteering literature
(Hyde et al., 2016). Social contributors are perhaps the pro-social people who are
are motivated to engage in governance activities (Osterloh and Rota, 2007; Rullani
and Haefliger, 2013) and “hobbyists” who enjoy the activity and interacting with
the community (Shah, 2006). Of particular curiosity is the obligated group, which is
affected by none of the usual sources of retention, most notably satisfaction, but is
instead associated with commitment to the community. These could be people who
have formed a psychological contract with either the project or the global FLOSS
movement and believe in the social value of FLOSS (Choi et al., 2009). Subdividing
returning participants offers an interesting opportunity for further research, and
tantalizing possibilities for communities to refine their retention techniques.
7.2 Limitations
Measurement error, sampling error, and internal validity error are common concerns
with survey research (Straub, 1989). To address these, we conducted a pilot test,
a comparison to three previous data sets, and employed previously validated
instruments.
Our research relied on a self-selecting sample. Given that this was an online
survey, we cannot report a response rate. It is unclear what the response rate was
as we do not know how many people were aware of the study.
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to remain among FLOSS
episodic volunteers.
• FLOSS communities should consider retention
techniques based on satisfaction and community
commitment, which together explain 80% of the
variability in our model.
• Community commitment explains more differences in
intention to remain than any other construct we
explored. Communities should not assume episodic
volunteers do not experience community commitment.
• Future research should investigate the effects of social
environment outside of FLOSS communities on FLOSS
participation.
• Future research could consider other factors to explain
additional variation in intention to remain.
• Future research could develop FLOSS-specific


























Tenure does not have a
moderating effect in our
model.
• The effects of tenure and age on intention to remain
may be community-specific. A general model of EV
retention should incorporate multiple communities to
improve generalizability.
Age does not have a
moderating effect on our
model.
Type of contribution
does not have a
moderating effect in our
model.
• Type of work performed does not appear to affect
intention to remain among FLOSS contributors.
Gender had strong
effects on the model.
Our sample did not
include enough women
and non-binary
participants to verify the
finding.
• More research is needed on the effect of gender on
intention to remain.
• Studies on FLOSS participation should probably














• Considering different categories may help explain some
differences in previous studies on the effects of various
factors on intention to remain.
• More research is recommended to explore the four
distinct types of episodic volunteers.




Self-reporting bias may pose a threat to validity. However, the survey was
anonymous, which may reduce respondents’ inclination to give socially desirable
answers. When we examined statements which might be most affected by negative
bias, specifically contributor benefit motives excluding skill development, we found
that at least 50% of people agreed or strongly agreed with each motive.
Two of the measurement instruments did not perform well (contributor benefit
motivations, psychological sense of community), and after removing indicators,
these became single-item constructs. Although we conducted a pilot study to
determine that the instruments had been tailored to a FLOSS context, future
research could explore these two constructs by developing new instruments based
on previous FLOSS research. Also, as these constructs did not seem to loom large
in the model, further research could identify alternative constructs.
The most common method for controlling for non-response bias is to compare
early responses against later responses to see if there is a significant difference
between responses. However, our approach of using a series of one-off pushes
through different mediums means that it is not possible to perform this comparison.
Because our target population is largely unknown to us, we are unable to pursue
follow-up pushes. We tried to control for this through external validity.
7.3 Conclusion and Future Work
In this research, we proposed a model of constructs pertaining to the retention of
episodic volunteers in FLOSS. Social norms, satisfaction and community commit-
ment were all found to be positively associated with intention to remain, while
psychological sense of community and contributor benefit motives were not. To-
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gether, satisfaction and community commitment explained the majority of difference
in the model.
This study also uncovered several differences between participants based on
gender, suggesting opportunities for further research. Tenure and age did not affect
the outcome.
An exploratory clustering approach suggested that our respondents can be
divided into four categories with seemingly different factors influencing retention.
For example, social episodic volunteers and obligated episodic volunteers seem
to represent two distinct classes of contributors. We call for further research to
explore these different categories of episodic volunteers, which could advance our
understanding episodic volunteers, or any context where knowledge workers have
autonomy to self-direct at least a part of their time.
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The questions in the survey are reproduced in Table 10. Items marked with an
asterisk (∗) are reverse-coded, while those marked with a dagger (†) were optional.
Participants who did not enter a number greater than one to questions exp1 and
exp3 were not given the opportunity to proceed beyond the Volunteering experience
section. Instructions were given as follows:
The following questions are used to understand your volunteering habits,
which means any type of unpaid activity, including: documentation, transla-
tion, bug reports, mentoring, programming, or any other activity you do for
an open source project.
For this survey we use the following definitions:
Habitual volunteering:
you contributed frequently (10 or more substantial contributions)
OR
you made 2 or more contributions of any size per month, for 6 consecutive
months.







exp1 How many free/libre/open source software projects have you volunteered
for in the last 12 months?
exp2 In how many free/libre/open source software projects have you clearly
been a habitual volunteer in the last 12 months?
exp3 In how many free/libre/open source software projects have you clearly
been an episodic volunteer in the last 12 months?
exp4 Please name one free/libre/open source software community which you
have volunteered episodically for in the last 12 months. The rest of the
survey will pertain to your experiences in this community.
exp5 Please select the area where your main contributions are: {both; code,
programming; other contributions (documentation, translation, tests,
artwork...)}
exp6 In which year did you first contribute to the community?
exp7 On average, how many hours per month did you volunteer to this project
over the last 12 months?
Contributor benefit motives
cbm1 I want to be recognized for my contributions.
cbm2 I want to receive a tangible acknowledgement of my contributions.
cbm3 I volunteer to get a reputation in the free/open source developers’ scene.





cbm5 I volunteer to make money.
cbm6 I volunteer to learn and develop new skills.
Social norms
sn1 Many people think of me in terms of being a volunteer.
sn2 Other people think that volunteering is important to me.
sn3 It is important to my friends and relatives that I continue volunteering.
sn4 It really wouldn’t matter to most people I know if I decided to give up
volunteering. ∗
sn5 Many of the people I know are not aware that I am a free/open source
software volunteer. ∗
sn6 Many of the people that I know expect me to continue as a volunteer.
sn7 No one would really be surprised if I just stopped volunteering. ∗
sn8 Many people would probably be disappointed in me if I just decided to
stop volunteering.
Psychological sense of community
psc1 I am quite similar to most people in my community.
psc2 If I feel like talking, I can generally find someone in the community to
talk to right away.
psc3 If there was a serious problem in the community, the people could get






s1 I enjoy my volunteer experience.
s2 My volunteer experience is personally fulfilling.
s3 My volunteer experience is worthwhile.
s4 My contributions to the project are important.
s5 I accomplish ‘good’ through my work.
s6 I am likely to continue to volunteer for this project.
Community commitment
cc1 I talk up this community to my friends.
cc2 I feel very little loyalty to this community. ∗
cc3 I find that my values and the community’s values are very similar.
cc4 I am proud to tell others that I am a part of this community.
cc5 I could just as well be working for another community as long as the
type of work were similar. ∗
cc6 It would take very little change in my present circumstances to cause me
to leave the community. ∗
cc7 There’s not too much to be gained by sticking with this community
indefinitely. ∗
cc8 I really care about the fate of this community.
cc9 For me this is the best of all possible communities to participate in.
Intention to remain





ir2 I will recommend that others volunteer for this community.
ir3 I will tell others about the positive experiences that I had volunteering
for this community.
ir4 I hope that volunteering is a part of my life for years to come.
ir5 I would recommend that other people volunteer for free/open source
software communities.
ir6 Other people should be encouraged to volunteer.
ir7 I am more motivated to volunteer because of my recent volunteer
experience with this community.
ir8 I care about the community for which I volunteer.
Demographics
dem1 What is your year of birth? †
dem2 Which of the following describes how you think of yourself? † {male;
female; other}
dem3 What is your highest education level? † {university/college;
technical/trade; high school; primary school}
Promotion
The survey was promoted in person at the following events:
• The European Perl Conference (Romania)
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• Amsterdam Perl Mongers meeting (Netherlands)
• Limerick Open Source meeting (Ireland)
• Mozfest (UK)
• T-DOSE (Netherlands)
• London Perl Workshop (UK)
• FOSDEM (Belgium)
• DjangoCon (Italy)
The survey was promoted on the following media outlets:
• ONOS mailing list
• OpenCord mailing list
• Twitter (4 accounts)
• Personal Facebook pages (3 accounts)
• Codeable
• Email to FOSDEM volunteers
• #fosdem-volunteers IRC









• Debian Spanish user’s blog
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Masmoudi, Héla, Valérie Fernandez, and Laurie Marrauld (2013). “The organization
of distributed problem-solving networks: Examining how core and periphery
interact together to solve problems in Mozilla’s community”. In: 2013 Interna-
tional Conference on Engineering, Technology and Innovation (ICE) & IEEE
International Technology Management Conference. Piscataway, NJ, USA: IEEE,
pp. 1–10.
Mendez, Christopher, Hema Susmita Pedala, Zoe Steine-Hanson, Claudia Hilder-
brand, Amber Horvath, Charles Hill, Logan Simpson, Nupoor Patil, Anita
Sarma, and Margaret Burnett (2018). “Open Source barriers to entry, revisited:
A sociotechnical perspective”. In: ICSE 2018 Proceedings. Vol. 18. Piscataway,
NJ, USA: IEEE, pp. 1004–1015.
Midha, Vishal and Prashant Palvia (2007). “Retention and quality in open source
software projects”. In: AMCIS 2007 Proceedings. 25.
Mockus, Audris, Roy T. Fielding, and James D. Herbsleb (2002). “Two case
studies of open source software development: Apache and Mozilla”. In: ACM
Transactions on Software Engineering and Methodology 11.3, pp. 309–346.
RETAINING EPISODIC CONTRIBUTORS
197
Mowday, Richard T, Richard M Steers, and Lyman W Porter (1979). “The mea-
surement of organizational commitment”. In: Journal of vocational behavior
14.2, pp. 224–247.
Nakakoji, Kumiyo, Yasuhiro Yamamoto, Yoshiyuki Nishinaka, Kouichi Kishida,
and Yunwen Ye (2002). “Evolution patterns of open-source software systems
and communities”. In: Proceedings of the international workshop on Principles
of software evolution. New York, NY, USA: ACM, pp. 76–85.
Omoto, Allen M and Anna M Malsch (2005). “Psychological Sense of Community:
Conceptual Issues and Connections to Volunteerism-Related Activism.” In:
Processes of community change and social action. Ed. by Allen M Omoto.
Mahwah, NJ: Lawrence Erlbaum Associates Publishers, pp. 83–102.
Omoto, Allen M and Mark Snyder (2002). “Considerations of community: The
context and process of volunteerism”. In: American Behavioral Scientist 45.5,
pp. 846–867.
Osterloh, Margit and Sandra Rota (2007). “Open source software development–Just
another case of collective invention?” In: Research Policy 36.2, pp. 157–171.
Podsakoff, Philip M and Dennis W Organ (1986). “Self-reports in organizational
research: Problems and prospects”. In: Journal of management 12.4, pp. 531–
544.
Ringle, Christian M, Sven Wende, and Jan-Michael Becker (2015). “SmartPLS 3”.
In: Boenningstedt: SmartPLS GmbH, http://www. smartpls. com.
Rullani, Francesco and Stefan Haefliger (2013). “The periphery on stage: The
intra-organizational dynamics in online communities of creation”. In: Research
Policy 42.4, pp. 941–953.
Chapter 3
198
Safrit, R Dale and Mary V Merrill (2002). “Management Implications of Contem-
porary Trends in Volunteerism in the United States and Canada.” In: Journal
of Volunteer Administration 20.2, pp. 12–23.
Sanchez, Gaston (2013). PLS path modeling with R. Berkeley: Trowchez Editions.
url: http://www.gastonsanchez.com/PLS%5C_Path%5C_Modeling%5C_
with%5C_R.pdf.
Schilling, Andreas, Sven Laumer, and Tim Weitzel (2012). “Who will remain?
An evaluation of actual person-job and person-team fit to predict developer
retention in FLOSS projects”. In: 45th Hawaii International Conference on
System Sciences (HICSS). Piscataway, NJ, USA: IEEE, pp. 3446–3455.
Setia, Pankaj, Balaji Rajagopalan, Vallabh Sambamurthy, and Roger Calantone
(2012). “How peripheral developers contribute to open-source software develop-
ment”. In: Information Systems Research 23.1, pp. 144–163.
Shah, Sonali K (2006). “Motivation, governance, and the viability of hybrid forms
in open source software development”. In: Management Science 52.7, pp. 1000–
1014.
Silva, Jefferson de Oliveira, Igor Scaliante Wiese, Daniel M German, Igor Fabio
Steinmacher, and Marco Aurélio Gerosa (2017). “How Long and How Much:
What to Expect from Summer of Code Participants?” In: 2017 International
Conference on Software Maintenance and Evolution (ICSME). Piscataway, NJ,
USA: IEEE, pp. 69–79.
Smith, David Horton, Robert A. Stebbins, and Michael A. Dover (2006). A dictio-
nary of nonprofit terms and concepts. Bloomington: Indiana University Press.
RETAINING EPISODIC CONTRIBUTORS
199
Snyder, Mark and Allen M Omoto (2008). “Volunteerism: Social issues perspectives
and social policy implications”. In: Social Issues and Policy Review 2.1, pp. 1–
36.
Steinmacher, Igor, Marco Aurélio Gerosa, and D Redmiles (2014). “Attracting, on-
boarding, and retaining newcomer developers in open source software projects”.
In: Workshop on Global Software Development in a CSCW Perspective.
Steinmacher, Igor, Gustavo Pinto, Igor Wiese, and Marco A Gerosa (2018a).
“Almost there: A study on quasi-contributors in open-source software projects”.
In: 40th International Conference on Software Engineering. 12. Piscataway, NJ,
USA: IEEE, pp. 256–266.
Steinmacher, Igor, Marco Aurelio Graciotto Silva, Marco Aurelio Gerosa, and
David F Redmiles (2015). “A systematic literature review on the barriers faced
by newcomers to open source software projects”. In: Information and Software
Technology 59, pp. 67–85.
Steinmacher, Igor, Christoph Treude, and Marco Aurélio Gerosa (2018b). “Let me
in: Guidelines for the Successful Onboarding of Newcomers to Open Source
Projects”. In: IEEE Software PP.99, 0740-7459. doi: 10.1109/MS.2018.
110162131.
Stewart, Katherine J and Sanjay Gosain (2006). “The impact of ideology on
effectiveness in open source software development teams”. In: MIS Quarterly
30.2, pp. 291–314.
Stol, Klaas-Jan, Muhammad Ali Babar, Paris Avgeriou, and Brian Fitzgerald
(2011). “A comparative study of challenges in integrating Open Source Software




Straub, Detmar W (1989). “Validating instruments in MIS research”. In: MIS
quarterly 13.2, pp. 147–169.
Takhteyev, Yuri and Andrew Hilts (2010). Investigating the geography of open
source software through GitHub. Tech. rep. University of Toronto. url: http:
//www.takhteyev.org/papers/Takhteyev-Hilts-2010.pdf.
Tannenbaum, Scott I., John E. Mathieu, Eduardo Salas, and Debra Cohen (2012).
“Teams are changing: Are research and practice evolving fast enough?” In:
Industrial and Organizational Psychology 5.1, pp. 2–24.
Won, Doyeon and Meungguk Park (2010). “Motivating factors influencing college
students’ participation in charity sport events”. In: International Journal of
Sport Management and Marketing 8.3-4, pp. 296–321.
Wu, Chorng-Guang, James H Gerlach, and Clifford E Young (2007). “An empiri-
cal analysis of open source software developers’ motivations and continuance
intentions”. In: Information & Management 44.3, pp. 253–262.
Zhou, Minghui and Audris Mockus (2015). “Who will stay in the FLOSS community?
Modeling participant’s initial behavior”. In: IEEE Transactions on Software








We draw on the concept of episodic volunteering (EV) from the general volunteering
literature to identify practices for managing EV in free/libre/open source software
(FLOSS) communities. Infrequent but ongoing participation is widespread, but the
practices that community managers are using to manage EV, and their concerns
about EV, have not been previously documented. We conducted a Delphi study
involving 24 FLOSS community managers. Our panel identified 16 concerns related
to managing EV in FLOSS, which we ranked by prevalence. We also describe 65
practices for managing EV in FLOSS. Almost three-quarters of these practices are
used by at least three community managers. We report these practices using a
systematic presentation that includes context, relationships between practices, and
concerns that they address. These findings provide a coherent framework that can
help FLOSS community managers to better manage episodic contributors.
1 Introduction
Free/Libre/Open Source Software (FLOSS) research has traditionally divided
contributors into core and periphery, where core describes the minority of developers
who contribute 80% of the code and the periphery describes all other developers
(Nakakoji et al., 2002; Mockus et al., 2002; Crowston et al., 2004). More recently,
researchers have begun to differentiate participants within the periphery, based
on the frequency and duration of their participation (Pinto et al., 2016; Lee and
Carver, 2017; Barcomb et al., 2018; Barcomb et al., 2019b).
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Our work is a continuation of efforts to differentiate within the periphery.
We draw upon the concept of episodic volunteering (EV) from the volunteering
literature to describe the subset of peripheral contributors whose contributions are
short-term or infrequent (Macduff, 2005; Tang et al., 2010), in contrast to habitual
contributors, whose contributions are “continuous or successive” (Harrison, 1995).
Episodic contributors represent a class of participants that can make a wide range
of valuable contributions to FLOSS projects (Barcomb et al., 2018). By their very
nature, their participating behavior is incidental and not continuous, and so it is of
particular interest to understand how episodic contributors can be “retained,” which
in this context refers to them returning to a project to contribute again. It does not
mean that they are converted into habitual contributors. Retention is appealing
because returning contributors require less assistance than newcomers (Cnaan and
Handy, 2005) and retention is one of the key factors in FLOSS project sustainability
(Gamalielsson and Lundell, 2014; Foucault et al., 2015; Izquierdo-Cortazar et al.,
2009). However, an issue is that many organizations do not have clear strategies
in place to effectively manage episodic contributors (Hager, 2013; Cnaan and
Handy, 2005). Organizations may also face internal resistance in implementing
these changes, as episodic contributors may be negatively perceived as costing more
in resources than they deliver in contributions (Macduff, 1990).
Despite these challenges, EV is an increasingly important topic in volunteer
management due to the increase in and preference for this kind of work (Culp III
and Nolan, 2000; Hustinx and Lammertyn, 2003; Macduff, 2005; Smith et al., 2010;
Cnaan et al., 2017). Adapting to the changing volunteering context is necessary
for the sustainability of non-profit organizations (Cnaan et al., 2017). In FLOSS it
has long been observed that many contributors are episodic, for instance in the
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case of bug reporting (Koch and Schneider, 2002; Mockus et al., 2002; Dinh-Trong
and Bieman, 2005; Davies et al., 2010; Barcomb et al., 2018). Furthermore, a
number of benefits have been attributed to peripheral contributors—increased
identification of legal issues such as copyright infringement, and high-quality bug
fixes, for example (Rullani and Haefliger, 2013; Foucault et al., 2015). Because of
the number of episodic contributors and the benefits they bring, it is important for
FLOSS communities to understand EV.
A major change in FLOSS communities over the last decade has been the
increase in firms’ involvement in open source development although volunteers
remain important participants (Riehle et al., 2014; Pinto et al., 2018; Capiluppi
et al., 2012). Many companies in different sectors use software which is developed
by external FLOSS projects (Lundell et al., 2017), and consequently many firms
now employ developers to contribute to specific open source projects that they
identify as critical to their business. Paid development does not negate the need
to understand episodic participation. Even in single-vendor FLOSS communities,
external developers still contribute a significant proportion of commits (Dias et
al., 2017). Additionally, from the perspective of the community, paid developers
employed by external firms cannot be directed as employees (Dahlander and
Magnusson, 2005; Ågerfalk and Fitzgerald, 2008). Their participation is often
episodic from the perspective of the community. Our research considers episodic
participation from the community perspective, and consequently we adopt the
broadest definition of volunteering, to encompass anyone engaging in FLOSS
contributions, who is not directly sponsored by the FLOSS community (Barcomb
et al., 2018). This broad definition allows us to identify practices which can actually
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be used by communities, without any concern for whether the contributors are
unpaid or sponsored by a firm.
FLOSS research has been challenged for its reliance on studying forms of
participation which can be readily observed through data mining, notably code
contributions, bug reports, and mailing lists (Von Krogh and Spaeth, 2007; Carillo
et al., 2017). Exclusion of non-code contributors limits the applicability of research
on larger FLOSS communities, which depend not only on code contributions but a
wide range of other activities, such as planning, advocacy, mentoring, and event
organization (Jensen and Scacchi, 2007; Fang and Neufeld, 2009; Carillo et al.,
2017; Rozas, 2017). Both unpaid and paid contributors can participate in a range
of activities within FLOSS communities (Osterloh and Rota, 2007).
It remains for FLOSS communities to identify practices for EV which consider
both non-code contributors and developers, and which consider unpaid contributors
and people who are paid by external organizations. Our study addresses the
following two research questions:
1. What concerns do community managers have about EV?
2. Which practices do community managers envisage could be used to manage
episodic contributors in FLOSS?
To address these questions, we conducted a policy Delphi study. We drew on
the experience of FLOSS community managers to identify practices which are being
used for EV. This chapter makes the following contributions toward understanding
the management of EV in FLOSS:
• A prioritized list of 16 EV community manager concerns;
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• An extensive handbook of practices which might be used to manage EV
(74% are being used by at least three community managers), which includes
connections to the concerns previously identified, as well as relationships
between practices; and
• Workflows proposed by community managers which demonstrate how prac-
tices can be combined.
The remainder of the chapter is organized as follows. Sec. 2 reviews previous
work that investigated open source communities, volunteers, and in particular the
role of episodic contributors. Sec. 3 presents the policy Delphi research approach
that we adopted, including a discussion of participant selection, data collection, and
data analysis procedures. Sec. 4 presents the findings of the study by presenting a
set of practices and concerns. We conclude the article in Sec. 5 by discussing our
findings, the limitations of the study, and an outlook to future work.
2 Related Work
2.1 Peripheral Contributors in FLOSS Communities
One of the earliest conceptions of the community structure in FLOSS communities
is the so-called Onion model (Nakakoji et al., 2002; Crowston and Howison, 2005).
The Onion model depicts increasing numbers and decreasing engagement moving
from the innermost core to the outermost passive users. The core contains the
most prolific developers, often described as the people who create 80% of the code




Although much of the earlier research focused on the core (e.g., (Mockus et al.,
2002; Dinh-Trong and Bieman, 2005)), there is now significant understanding of
both the importance of the periphery and the motivations of peripheral participants.
Peripheral contributors provide the following benefits:
• Bringing new knowledge to the project (Lakhani, 2006; Rullani and Haefliger,
2013; Krishnamurthy et al., 2016; Setia et al., 2012);
• Raising awareness of the project (Setia et al., 2012; Wang, 2012; Vasilescu
et al., 2014);
• Providing new potential core contributors (Von Krogh et al., 2003; Dahlander
and O’Mahony, 2011; Amrit and van Hillegersberg, 2010; Rullani and Hae-
fliger, 2013; Krishnamurthy et al., 2016);
• Proposing new features (Lakhani, 2006; Neulinger et al., 2016);
• Contributing new code (Lakhani, 2006; Capiluppi and Michlmayr, 2007;
Krishnamurthy et al., 2016; Rullani and Haefliger, 2013);
• Finding and reporting bugs (Masmoudi et al., 2009); and
• Ensuring members’ behavior abides by community norms (Rullani and Hae-
fliger, 2013).
Von Krogh et al. (2012) reviewed motives of FLOSS participants and found
many different motivations in the literature, ranging from intrinsic motives such as
altruism and enjoyment, to internalized extrinsic motives such as reputation and
reciprocity, to extrinsic motives such as career and salary. Peripheral contributors
tend to have the same set of motivations as core developers (Fang and Neufeld,
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2009), but those with extrinsic motives are less likely to continue to participate
(Lee et al., 2017; Krishnamurthy et al., 2016). In particular, peripheral contributors
are more likely to seek out opportunities which afford them greater recognition
with stakeholders and the chance to gain reputation (Krishnamurthy et al., 2016).
Extrinsic motives, such as the desire to build a reputation and gain recognition, are
more widespread among peripheral developers than core developers (Krishnamurthy
et al., 2016).
Recent work has begun to study the periphery more closely to identify and
distinguish different types of contributors. One dimension often used to distinguish
is the frequency of participation. Groups which are being distinguished by the
frequency of their participation are newcomers (Labuschagne and Holmes, 2015;
Steinmacher et al., 2015; Balali et al., 2018; Mendez et al., 2018; Steinmacher et al.,
2018b; Bayati, 2018), people who attempt to become contributors (Steinmacher et
al., 2018a), and one-time contributors (Lee and Carver, 2017; Lee et al., 2017; Pham
et al., 2013). In earlier work, we have linked the general episodic volunteering
literature to the periphery (Barcomb et al., 2018). The disaggregation of the
periphery by frequency of contribution could also be viewed as an extension to,
rather than a departure from the Onion model. The outer layers—active users
and passive users—are already defined by their own actions irrespective of the
contributions of others. Active users engage with the project, for instance by
supplying bug reports, while passive users only use the software. Breaking the
monolithic periphery into sub-categories distinguished by frequency of participation
refines the Onion model and allows for the identification of distinct attributes of
different groups within the periphery.
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In the Onion model, the different layers describe how people conribute to the
software, whereas FLOSS projects include many other ways to get involved (Jensen
and Scacchi, 2007; Fang and Neufeld, 2009; Carillo et al., 2017). Carillo and
Bernard (2015) described code-centricity as a limitation:
“By stereotyping FOSS projects as communities of developers loosely
collaborating on a FOSS-licensed software project via an online project
platform, we disregard the massive amount of information that is not
captured on platforms and also neglect the myriad of non-code related
tasks and roles without which a project could not be what it is.”
Nafus (2012) found that the emphasis on code contributions within FLOSS com-
munities not only devalues other types of contributions, but may specifically
disadvantage women. Her participant observation study of FLOSS contributors
found that “men monopolize code authorship and simultaneously de-legitimize the
kinds of social ties necessary to build mechanisms for women’s inclusion.” Indeed,
research has also demonstrated that some barriers to entry for newcomers are
gendered (Mendez et al., 2018; Burnett et al., 2016), and that gender may influence
retention among episodic contributors (Barcomb et al., 2019b). Because code
contributors do not represent the entire community in terms of the diversity of
work, and may additionally be demographically unrepresentative, we considered it
important to include non-code contributions in our study. This emphasis makes
the EV concept, which originates in the general volunteering literature rather than
the software engineering literature, an appropriate lens for the study because it




Episodic volunteering is a term derived from the general volunteering literature
which describes short-term or infrequent participation. Although a particular
engagement may be of limited duration, retention of episodic contributors is
possible. In the context of EV, retention does not mean conversion to habitual
participation but repeated engagement with the same organization. In a systematic
review of the EV literature, Hyde et al. (2014) identified retention as a topic
deserving further attention. Retention remains a compelling subject because
returning volunteers require less training (Cnaan and Handy, 2005) and retention is
one measure of stability in FLOSS (Gamalielsson and Lundell, 2014; Foucault et al.,
2015; Izquierdo-Cortazar et al., 2009). Existing general volunteering studies on the
retention of episodic contributors have largely focused on explaining the factors that
lead to retention, such as satisfaction with the previous volunteering experience,
intention to return, and availability (Hyde et al., 2016; Bryen and Madden, 2006;
Harrison, 1995). In the FLOSS domain, Steinmacher et al. (2013) found that
higher quality email responses encouraged retention among newcomers. Meanwhile,
Labuschagne and Holmes (2015) critically examined Mozilla’s onboarding programs
and found that it may not result in long-term contributors, despite the fact that
mentored newcomers consider the program valuable. A study evaluating five
potential EV retention factors found that satisfaction, community commitment,
and social norms correlate with intention to remain (Barcomb et al., 2019b).
Another important problem in general volunteering is how organizations in-
corporate EV (Hager, 2013). Although EV is sometimes viewed as disruptive,
it is widespread and a reality which requires organizations to reconsider their
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strategies (Safrit and Merrill, 2002; Culp III and Nolan, 2000; Macduff, 1990;
Krishnamurthy et al., 2016). Volunteer agencies can adjust to the expectations of
episodic contribuors by offering more flexibility in commitment, reducing training
requirements, increasing the social element of service, and recognizing volunteers
(Nunn, 2000). Volunteer coordinators can can also identify tasks that are suitable
for episodic contributors, which may include one-off contributions at events and
on-going but non-specialized work (Cnaan and Handy, 2005). Evaluation of suitable
tasks can be done systematically by applying a ‘volunteer scenario’ approach which
categorizes volunteer assets, volunteer availability, and potential assignments (Meijs
and Brudney, 2007).
While there is no single work which has comprehensively collected practices
for managing EV in FLOSS, previous studies have proposed practices for manag-
ing FLOSS contributors. In a recent study, we identified identified 20 potential
practices for EV management by evaluating existing FLOSS practices in light of
factors associated with the retention of episodic contributors and existing general
volunteering recommendations (Barcomb et al., 2018). Meanwhile, Steinmacher et
al. (2018b) identified nine practices for communities onboarding new contributors
and corresponding recommendations for the new contributors. We consider prac-
tices for newcomers relevant to the study of EV because in the initial contributions,
community manager cannot distinguish the future episodic volunteer from the
future habitual volunteer (Bryen and Madden, 2006). This study contributes to
these prior studies by increasing the scope and number of practices identified. First,
we examine both practices which are already being used to manage EV as well
as practices which experts think might be appropriate, and distinguish between
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speculation and observed practice. Second, we look at most of the volunteer process,
from onboarding to retention.
3 Methodology
3.1 Research Method
Our research is concerned with understanding current practices for managing
episodic contributors, and also proposes practices that may be helpful for managing
EV. The Delphi method was developed as a way of finding the collected opinions
of a group of experts and works on the assumption that multiple experts are better
able to arrive at more accurate solutions to problems. (Dalkey and Helmer, 1963;
Weaver, 1971). The Delphi approach is suitable for complex problems (Linstone
and Turoff, 2002), when solutions do not yet exist and may be best explored
through the subjective judgments of an informed group of experts (Miller, 2006;
Turoff, 1970). While not common in software engineering research, the Delphi
method has previously been used to study complex topics such as tailoring of
agile methods (Conboy and Fitzgerald, 2010) and the adoption of tools by FLOSS
developers (Krafft et al., 2016). Delphi studies typically comprise several rounds of
data collection—as participants are exposed to new information in every round,
they may develop new insights through iteration and exposure to others’ ideas.
The Delphi method can also be conducted asynchronously, which was of particular
importance in our context given the geographic distribution of open source experts.
The traditional Delphi method focuses on achieving consensus. As it has
evolved, a variant known as the Policy Delphi has emerged. A policy Delphi study
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is appropriate when the purpose of the study is not to establish consensus but to
identify the main arguments and positions (Turoff, 1970). We decided that a policy
Delphi study rather than a traditional Delphi study would be more appropriate in
our context, because we recognized that communities may have different goals when
managing EV which could be driven by community size, cultural context, or types
of contribution being considered. We wanted to articulate these constraints in order
to provide context for the practices, rather than assume that one approach would
be effective for all communities and activities within communities. However, we
were also interested in generalizing common practices and concerns, and used the
collation of the different rounds of data collection to achieve consensus of opinions.
We codify the results of our research in the form of a handbook of practices.
This ensures that the fruits of our research work can be used by practitioners,
which we consider one of the key goals of our research.
EV management includes all phases of the volunteer management process. We
explicitly excluded recruitment practices from consideration in our study because
many of those are not specific to episodic volunteering. This focus was necessary to
limit the scope of the study, which otherwise could overwhelm the participants and
diffuse their focus. Although onboarding is another area where we expect overlap
between habitual and episodic management, we decided to retain this part of the
process in order to compare our results to a recent study summarizing onboarding




We sought to select a panel of 20 to 25 participants, to ensure sufficient diversity
even if some participants would stop participating in the study. This is within
the recommended range of 15–30 participants (Loo, 2002). Potential participants
were identified in one of three ways. First, some approached us directly following
presentations at practitioner conferences. Second, we identified people among our
contacts, and people who were recommended to us by contacts. From these two
groups we approached a subset which met our selection requirements, which we
describe below. Third, we evaluated gaps in our coverage and sent cold emails to
people we identified through online searches. The selection of participants was
based not only on their enthusiasm for participation or connection to us, but also
on the degree of diversity along the three selection dimensions (discussed below),
as well as our expectation that the participants would be able to provide relevant
input. Table 1 summarizes the participants by community and their participation
in the different rounds of our study.
Participant selection is a key aspect of a successful Delphi study (Okoli and
Pawlowski, 2004). Participants must be selected with care, and not chosen simply
on the basis of availability (Hill and Fowles, 1975). To gain the full benefit of
multiple perspectives, participants of a policy Delphi study should be diverse
rather than homogeneous (Delbecq et al., 1975). We identified three dimensions
relevant to our study along which we expected differences of opinion to arise: size
of community, contribution type, and country. We discuss each in detail below.
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CM1 (Anonymous) ! !
CM2 Apache, RDO ! ! !
CM3 ChakraLinux ! ! !
CM4 CHAOSS ! ! !
CM5 Debian ! ! !
CM6 Drupal ! ! !
CM7 Fedora ! ! !
CM8 Fedora ! ! !
CM9 Joomla! ! ! !
CM10 KDE, NextCloud ! ! !
CM11 KDE, Kubuntu ! !
CM12 Linux Mint, Debian ! ! !
CM13 Mozilla ! ! !
CM14 Mozilla ! ! !
CM15 OpenChain ! ! !
CM16 OpenStack, Debian ! ! !
CM17 OpenStack ! !
CM18 OSGeo-Live ! ! !
CM19 Perl ! ! !
CM20 PostgreSQL ! ! !
CM21 Python !
CM22 Ubuntu ! ! !
CM23 Ubuntu ! !
CM24 Women who Code ! ! !
MANAGING EPISODIC CONTRIBUTORS
217
3.2.1 Size of community
A previous study investigating the current state of EV in FLOSS discovered that
the tasks considered appropriate for episodic contributors vary by community
size (Barcomb et al., 2018). For example, in smaller communities, translation
is an ad-hoc task well-suited to EV. Larger communities have more complicated
rules when translating, and a full cognizance of those rules requires more habitual
participation. Organization size is also a factor commonly considered in studies
identifying best practices. For example, in their case study of best practices
for volunteer organizations, Carvalho and Sampaio (2017) considered the size of
volunteer organizations in terms of the numbers of beneficiaries, paid employees,
and volunteers. Because there are many different ways to operationalize community
size—number of users, number of developers, size of core—and because size is more
continuous than categorical, we did not categorize communities by size, but instead
sought to include a number of communities of different size.
All communities represented by our panel experts are considerably larger than
the median project size of four developers (Krishnamurthy, 2002). We argue that
this is justified because extremely small communities tend not to be concerned with
developing a volunteer management process or workflow. The communities repre-
sented are shown in Table 1. In total, 22 communities were represented, and four
of these communities (Debian, Ubuntu, KDE, OpenStack) were represented twice.





Much of FLOSS research has been code-centric, but in large communities people
work in a number of activities, such as translation and maintaining web services
(Carillo et al., 2017). Our earlier study on EV in FLOSS found that while episodic
contributors can engage in all activities, some areas are considered more suitable
than others, depending on the community (Barcomb et al., 2018). We expect that
the perspective of community managers might be influenced by the activities they
engage in. We used the classification system introduced by Rozas (2017) to describe
the Drupal community, because it contains the most comprehensive categorization
of FLOSS activities.
All of our participants were engaged in community management, which was
a precondition for participating in the study. Our participants had experience
with close to six categories on average, and all were involved in multiple types of
contributions. Table 2 shows a paraphrased list of contribution types along with
a count of how many participants were engaged in each activity. The appendix
provides a detailed list of each participant’s contribution types (Barcomb et al.,
2019a).
3.2.3 Country
FLOSS communities are international, although North American and European
countries are disproportionately over-represented (Takhteyev and Hilts, 2010).
Geographic boundaries can be eliminated, but cultural barriers may remain. For
example, Nakakoji et al. (2002) explained that Japanese programmers were reluc-
tant to directly communicate with GNU GCC core developers because they saw
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Table 2: Number of participants engaged by contribution type based on Rozas
(2017)
Name Description No.
Source code Write code, review code, report bugs 14
Documentation Write, report issues 14
Translation Translate and review translation 9
Design User experience design, visual design, style guide creation 6
Support Participate in support fora, create cookbooks 11
Evangelizing Blog posts, speaking at unrelated events, marketing 19
Mentoring Creation of training materials, mentoring contributors 15
Community
management
Participation in working and local groups, conflict resolution,
governance
24
Events Organization of events, speaking at events 18
Economic Make donations and seek sponsors 12
them as superior programmers and wanted to keep a “respectful distance.” One
difficulty with identifying cultural diversity is increasing globalization, which has
led to intercultural identities and identification with not only country of birth,
but also residence (Crotts and Litvin, 2003; Kim, 2008). We therefore considered
both the country of origin as well as of residence. Our participants represented 23
countries, spanning all populated continents: Argentina, Australia, Brazil, Cyprus,
Czech Republic, France, Germany, Hungary, India, Ireland, Italy, Japan, Kenya,
Peru, Romania, Singapore, Spain, South Korea, Tunisia, Uganda, Ukraine, the
United Kingdom, and the United States. The appendix provides details about
participants’ countries of residence and origin (Barcomb et al., 2019a).
3.3 Data Collection and Analysis
Data collection was initiated in January 2018 and concluded in October 2018. The
study comprised three rounds, as shown in Figure 1. The question prompts for
each round are given in the appendix (Barcomb et al., 2019a). In the first round,
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participants were asked to think of the concerns they had about EV, and how they
might address those concerns. The purpose of the round was to generate a broad
overview of the concerns and problems affecting communities. Collating this round
involved identifying all the unique concerns by name and description, and creating
a list of all the unique practices by name, description, and associated concerns.
In the second round, we sought to refine our understanding of both concerns and
practices. For the concerns this entailed collecting information on the prevalence
and ranking of concerns, while for the practices we elicited relationships between
practices, specifically the preceding/subsequent and complementary relationships,
and possible workflows. The collation for this round focused on more elaborate
descriptions of practices, and reported on the ranking of concerns. Workflows were
also shown. The third round involved refining the information we had gathered on
practices. Participants were asked to verify if they had used or only proposed a
practice, and were asked to specify any relationships, context, or limitations which
our earlier analyses had missed. The collation consisted of the most extended
description of practices.
Figure 1: Rounds of the Delphi Study
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In each round, questions were posted and participants were given several weeks
to respond. At the end of the period, reminders were sent to participants who had
not yet responded, and the response time was extended.
After all responses were received, they were analyzed using the computer-
assisted qualitative data analysis tool QDAcity.1 Contextual codes representing
the dimensions of interest (community name, participant’s contribution types,
and participant’s country) were applied first. Next, the lead author performed
theoretical thematic analysis based on the theme of each round (Braun and Clarke,
2006). From Round II, the collation was presented to participants as a handbook
of practices. The collation was sent to participants after each round as a form
of member checking (Guba, 1981). Participants were given one week to suggest
modifications to the collation, then sent the revised document. In the first two
rounds we received minor requests for changes, while in the final round we received
only acknowledgements.
Responses to each round were anonymized and then sent to the respondents
to confirm that the modifications did not obscure the message. Analysis was
conducted on the original responses, but the anonymized responses were used to
provide quotations for the collations. Quotations were attributed to individual
study participants by means of an assigned two-letter code. Each participant was
able to identify their own contributions, and could also build up an impression of




4 Results of the Delphi Study
This section presents the results of our study. Sec. 4.1 discusses concerns associated
with managing episodic contributors. Sec 4.2 focuses on the practices for managing
episodic contributors, and Sec. 4.3 extends relationships between practices into
workflows.
4.1 Concerns with Episodic Volunteering
We identified a set of concerns that community managers have about EV. Broadly,
community managers have a number of concerns about knowledge transmission
between the community and episodic participants, the suitability of episodic con-
tributors for tasks, how effectively community processes support EV, and how
episodic contributors are included in the community. We identified sixteen concerns
that community managers expressed about EV in their communities. Table 3
specifies all sixteen concerns by category, as well as showing how frequently it was
observed, how many participants ranked it as their top, second, or third most
worrying concern.
Space limitations preclude us from discussing all concerns. We illustrate the
most common concerns in more detail below. The complete set of concerns are
described in the appendix (Barcomb et al., 2019a).
Concern 2.C Episodic contributor lacks awareness of opportunities to contribute
was deemed most important, observed by 20 community managers and ranked




“Keeping volunteers interested by openly sharing opportunities where
they can contribute (technical or non-technical) should be given priority.”
—CM14
Concern: 2.C Episodic contributor lacks awareness of opportunities to con-
tribute
Communicating opportunities to get involved in a way that reaches episodic contributors
is a concern for communities, especially when the people who are aware of tasks which
could be done episodically do not enjoy outreach activities.
Fifteen community managers observed 3.C Community lacks knowledge of
availability of episodic contributors, and two considered it their primary concern.
One community manager described the issue:
“This is a big problem when working with online communities, but it
can grow exponentially when you are working a live event. You may
do a call for volunteers, and you may end up short-handed, and doing
three things at once.” —CM23
Concern: 3.C Community lacks knowledge of availability of episodic contrib-
utors
In the context of event organization or other situations where it is essential to have a
volunteer available for a specific task at a particular time, organizers find it challenging to
not have a good understanding of which contributors will be available.
The concern 7.C Episodic contributor’s timeliness and completion of work is
poor was seen by 14 community managers, with one ranking it as the biggest
concern. CM24 summarized the concern:
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“The main problem of using this kind of help is that sometimes you
don’t know whether a person that has started a task is able to finish it
all or finish it with a decent quality.” —CM24
Concern: 7.C Episodic contributor’s timeliness and completion of work is poor
Episodic contributors may have less investment in ensuring that their work is completed
in a timely manner, or is completed at all. This can be especially problematic if the work
is important and others are relying on it. In a situation such as an event, it may be
unavoidable to put responsibility on episodic participants.
CM6 explained why 10.C Community has difficulty identifying appropriate tasks
for episodic contributors is a concern. Fifteen community managers had experience
with this issue, and one thought it was the most important concern.
“You need to know the context and background for each task to be
effective and not get lost. The problem is that to prepare this information
usually requires more time than doing the task itself, so normally the
person with the knowledge is the one that will do it. It ends up with few
people doing a lot of work and possible contributors without knowledge
of how to help.” —CM6
Concern: 10.C Community has difficulty identifying appropriate tasks for
episodic contributors
Community managers find it difficult to identify and maintain a list of suitable tasks.




Fourteen community managers witnessed 11.C Community lacks an episodic
strategy, and two ranked it as the most important concern. CM13 described the
need:
“I think from get-go there is need for the episodic volunteers to be led
by fellow volunteers who understand them, a mentorship system that
can help draw structures that will best leverage on their capacity and
limited time they offer.” —CM13
Concern: 11.C Community lacks an episodic strategy
The community must first decide that it is worth developing an episodic strategy, and
once the decision is made, there is a lack of understanding about how to implement a
strategy for engaging episodic contributors. Often it is difficult for habitual contributors
to identify with the requirements of episodic participants.
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Table 3: Concerns by category, number of community managers observing concern,
number of times ranked as most important concern, second most important concern,








1.C Episodic contributor lacks knowledge of developments
during absences
10 1 1 1
2.C Episodic contributor lacks awareness of opportunities
to contribute
20 8 1 4
3.C Community lacks knowledge of availability of episodic
contributors
15 2 1 2
4.C Episodic contributor lacks understanding of project
vision
11 1 2 1
5.C Episodic contributor and community have mismatched
expectations
13 1 1 1
Suitability of episodic contributors for the work
6.C Episodic contributor quality of work is insufficient 9 2 0 0
7.C Episodic contributor’s timeliness and completion of
work is poor
14 1 1 1
8.C Community’s cost of supervision exceeds benefit of
episodic contribution
8 1 1 1
Community processes do not support EV
9.C Community cannot retain episodic contributors for
sporadic requirements
8 0 1 2
10.C Community has difficulty identifying appropriate
tasks for episodic contributors
15 1 4 2
11.C Community lacks an episodic strategy 14 2 6 1
12.C Community insufficiently supports episodic
contributors
4 0 0 0
Marginalization of episodic contributors
13.C Community restricts episodic contributors from
leadership roles
12 1 1 1
14.C Community excludes episodic contributors from
discussions and decisions
10 2 0 3
15.C Community gives episodic contributors reduced access
to opportunities and rewards
5 0 0 0
16.C Community lacks appreciation for and recognition of
episodic contributors
9 0 1 1
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4.2 Practices for Managing Episodic Volunteering
We organized the identified practices into a number of categories based on the
“lifecycle” of episodic contribuors’ engagement. In practice, a community will not
address these categories sequentially, but will move between them, iterate through
them, or use practices in parallel. However, organizing the practices in categories
can help to communicate them to FLOSS community managers. Each practice
is aimed at ameliorating one or more of the concerns described in the previous
section.
In total, we identified 65 practices in our study across the five categories. Table 4
provides a complete list of practices, along with a brief description of each practice.
Of the 65 practices, 48 were confirmed (indicated by a checkmark) to be in use by
at least three community managers for the specific purpose of managing EV. The
remaining 17 practices were proposed by our panel experts for EV management;
they were used by zero, one, or two community managers.
Table 4: Practices identified in the study
Conf. Code Name Description
Community Governance
! G.1 Manage the
delivery triangle
Adjust scope (quality or features) or schedule when
project releases cannot be completed on schedule at
the desired level of quality with the expected features.
G.2 Use longer delivery
cycles
Make release cycles longer in order to give episodic
contributors the opportunity to contribute without
intense time pressure. People who have multiple




Table 4 Practices identified in the study (continued)
Conf. Code Name Description
! G.3 Host in-person
meetings
Host in-person meetings for creative or organizational
work involving multiple volunteers. The frequency of
meetings may vary by project: it could be yearly,
quarterly, monthly, or even more frequent.
! G.4 Make decisions in
public
Ensure that decisions are made in a process which is
both public and open to suggestions from contributors.
Even if the decision is ultimately made by an
authoritative body, the transparency of the process can
make participants feel a part of it.




Create a community definition of quality so that episodic
contributors will know what quality is expected.
! G.6 Craft a community
vision
Craft an inclusive community vision and a code of
conduct. A clear vision statement helps people
determine if they want to participate in the community.
! G.7 Define measuring
and success
Define what successful engagement of episodic





Centralize the processing of sponsorships and
reimbursements so that all claims will be processed in
the same manner, and processing will be timely.
G.9 Use an external
provider for
sponsorships
Hire an external service provider to serve as an
intermediary in providing sponsorships.
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Table 4 Practices identified in the study (continued)




Try to have a diverse board or coordination group to
review processes and ensure that they are welcoming
and accessible.




Episodic participants can more easily join if tasks are
available. Identify the types of tasks which are suited
for episodic contributors.




Engage experienced contributors in a short-term
initiative to identify outstanding issues which could be
handled by episodic contributors. Encourage them to
continue to identify new tasks, once the backlog has
been addressed.
! P.4 Document general
working practices
Document the community’s working practices, placing
particular emphasis on those areas which are most
likely to be relevant to new and episodic contributors,
and where contributions will be most appreciated.
! P.5 Detail how to
complete a task
Do not just summarize tasks, but detail the steps that
need to be taken, and consider providing a time
estimate for the task.
! P.6 List current areas
of activity
Prioritize tasks and tag them as entry level where
appropriate. Group similar tasks together.
! P.7 Hold open progress
meetings
Hold regular open meetings where previous work is
summarized, and new tasks are assigned.
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Table 4 Practices identified in the study (continued)
Conf. Code Name Description
! P.8 Create working
groups with a
narrow focus





Maintain a summary, for instance in the form of a
newsletter, which describes the key discussions and
resolutions which took place during a given period.
Alternately, rely on written communications (mailing




Ensure that communication channels both online and
offline are monitored, and that queries are directed to
appropriate people. Make sure that people receive
responses.
! P.11 Send ambassadors
to small events
end ambassadors to attend smaller events, to enable
personal interactions with potential participants.
! P.12 Respond to all
submissions
Respond to every submission in a timely manner.
! P.13 Have a social media
team
Recruit people who enjoy social media specifically for the
task of communicating with potential and episodic
contributors.
! P.14 Set expiration dates Set distinct deadlines for initiatives.
P.15 Create continual
points of entry
Create ongoing ways for people to join the project and
contribute, rather than providing only specific times or
times in the process when people can join.
! P.16 Share success
stories
Share stories about outstanding or long-serving




Table 4 Practices identified in the study (continued)
Conf. Code Name Description
P.17 Provide templates
for presentations
Create one or more standard slide decks which your
contributors can use with or without modification.
! P.18 Write modular
software
Ensure that software is modular.
! P.19 Educate sponsoring
organizations
Educate sponsoring organizations about participation in
open source projects, including topics such as the
necessity of maintenance and the open model of
production.
P.20 Offer a consistent
development
environment
Document the workflow, architecture of the module, and
use a container to build your project in order to allow
people to easily build a local system. Decide upon one
recommended way to set up a development
environment and focus on this in the documentation.
Onboarding Contributors





Ask new and infrequent contributors about their
expectations, availability, preferences and experience.
! O.2 Screen potential
contributors
Screen potential contributors to determine if they are a
good match for the role. This may include having
availability at the appropriate time, or being able to
commit to a certain amount of time.
! O.3 Guide people to
junior jobs




Table 4 Practices identified in the study (continued)
Conf. Code Name Description
! O.4 Give a choice of
tasks
Give participants a choice of the task, from a small
number offered to them.
! O.5 Manage task
assignments with
an application
Use an application, such as a wiki or bug tracking
system, to handle the assignment process.
! O.6 Explain the need
for maintenance
Educate contributors about what happens to a
contribution after it is included in the project. Explain





At events, offer walk-through tutorials on getting started
as a contributor, culminating in a hackathon working
on a specific beginner problem.
Working with contributors
! W.1 Have a key
contributor
responsible
For every important project, make sure that one key
contributor is responsible for managing it and
responding to inquiries.
! W.2 Issue reminders Send a reminder as the deadline approaches. Be
persistent in following up on deliverables.
! W.3 Give permission to
quit a task




People who no longer wish to fulfill a role or complete
tasks should be encouraged to step down.
! W.5 Automate checking
the quality of
work
Utilize advances in continuous integration/continuous
delivery to automate routine evaluation.
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Table 4 Practices identified in the study (continued)
Conf. Code Name Description
! W.6 Set expectations Set expectations for deliverables and communication,





Decline contributions which are inappropriate or not of
sufficient quality.
! W.8 Mentor to quality Provide mentoring when contributions are rejected due to
insufficient quality. This might include access to tools
to help people meet quality requirements. Ensure that




as part of the
submission
Require people to sufficiently document their submissions
before they are accepted.
! W.10 Encourage learners
to mentor
Engage episodic contributors in leading other episodic
contributors. Let them review episodic contributions
and mentor episodic contributors.
! W.11 Explain the context
of the
contribution
Understanding the larger context requires time that not
all episodic contributors are able or willing to give.
! W.12 Sever ties Publicly sever the group’s connection to the individual
and explain the reasoning.
W.13 Automate process
assistance
Consider automation to help people work through the





Table 4 Practices identified in the study (continued)
Conf. Code Name Description
R.1 Publicize your
release schedule
Publish your development and release schedule and notify
contributors of upcoming milestones, to allow them to
plan their engagement.
! R.2 Encourage social
connections
Encourage people to work together in a small group to
accomplish a task. This might also include groups
within a company, who can use a joint contribution to
a project as an opportunity for sharing, learning, and
mentoring.
R.3 Follow up on
contributors
Keep in touch with contributors, even if just by sending
an email.
R.4 Instill a sense of
community
Help people to understand the cooperative values that
underlie free and open source software. This is best
done by leading through example.
! R.5 Acknowledge all
contributions
Have someone responsible for recognizing returning
episodic contributors. This person could thank
episodic contributors for returning, or, alternately
explicitly welcome new contributors.
! R.6 Reward
participation
Offer a tangible reward for participation, such as an
organizer’s dinner or swag. Alternatively, offer
recommendation letters, certificates, or online
recommendations.
! R.7 Recognize everyone Make use of systems such as badges to recognize the
variety of different contributions people can make. At
the conclusion of a cycle, thank and identify
contributors.
! R.8 Praise publicly Praise volunteers publicly.
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Table 4 Practices identified in the study (continued)
Conf. Code Name Description
! R.9 Provide evaluations
and a promotion
path
Provide assessment and opportunities to episodic
contributors. Examples of assessment are skill
exploration and personal evaluation. Examples of
opportunities are travel, employment consideration,
succession planning, and skill building.
R.10 Promote episodic
contributors
Give sustained episodic participants access to rotating






Announce when milestones have been met, and celebrate
success.
! R.12 Listen to
suggestions
Allow anyone who participates to propose what want to
implement, even if the decisions are ultimately made by
a steering committee. If concepts don’t fit in with the
primary project goals, allow people to create unofficial




Invite creators of unofficial initiatives to incorporate
them in the main project if they are successful and of
high quality. Alternatively, if the project is stand-alone,
recognize these successes within the project.
! R.14 Rotate focus areas
on schedule
Rotate between different focus areas with a consistent
schedule.
Table 4 contains a brief description of each practice. The full description of each
practice is more detailed. In the following subsections, we include as exemplars the
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full descriptions of one confirmed practice from each category. The full descriptions
of all practices can be found in the appendix (Barcomb et al., 2019a).
The full description of a practice includes the context which may limit the
generalizability of the practice, a list of the concerns involved, and a solution. It
can optionally include challenges which may arise with implementing the solution,
a list of community managers participating in the study who have used the practice,
and a list of community managers who suggested but have not used the practice.
Additionally, each practice can include a list of related practices. For the most
part, practices are not meant to be used in isolation, but to be combined with
related practices. Section 4.3 provides examples of how practices can be combined.
Relationships between practices can take the following forms, all of which are
demonstrated in at least one of the exemplar practices:
• General/Specific describes a relationship where the specific practice is a
more restricted and specialized practice, compared to the general practice. It
is demonstrated in R.9 Provide evaluations and a promotion path (a general
practice) and O.2 Screen potential contributors (a specific practice).
• Alternative describes two or more practices which address the same
concerns with largely incompatible solutions. An example of this relationship
is shown in P.8 Create working groups with a narrow focus.
• Preceding/Succeeding is a relationship where practices are best applied
in sequential order. An example of this relationship is found in G.5 Create a




• Complementary describes the situation where practices work well when
combined with other practices. W.10 Encourage learners to mentor demon-
strates this relationship.
4.2.1 Community Governance
The category Community Governance contains practices that address broad ques-
tions about how the community operates. These are practices that will affect the
potential episodic contributor’s first impressions of what kind of community it is.
One example of practices in this category is G.5 Create a community definition
of quality. CM24 stated they were able to make more extensive use of episodic
contributors once the community began “documenting our standards of quality.”
Another community manager, CM16, explained that new contributors and episodic
contributors typically are expected to know what the project considers “quality
work,” but that “we never really explain it in a way that’s easy to learn, so it ends
up being a barrier to entry.”
Practice G.5: Create a community definition of quality
Context: Episodic contributors do not necessarily know what level of quality is expected.
The community is large and mature enough that lack of a common perspective causes
problems, and contributors cannot be expected to tacitly acquire the knowledge.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 11.C Community lacks an episodic strategy
Solution: Create a community definition of quality so that episodic contributors will
know what quality is expected. It will become significantly easier to follow many of the
subsequent practices if quality is defined within the community.
Related practices:
• P.4 Document general working practices is a complementary practice.
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• G.6 Craft a community vision is a possible preceding step.
• P.10 Keep communication channels active is a possible preceding step.
• P.13 Have a social media team is a possible preceding step.
• G.7 Define measuring and success is a possible succeeding step.
• P.5 Detail how to complete a task is a possible succeeding step.
• P.6 List current areas of activity is a possible succeeding step.
• W.5 Automate checking the quality of work is a possible succeeding step.
• W.6 Set expectations is a possible succeeding step.
• W.7 Reject contributions of insufficient quality is a possible succeeding step.
• W.8 Mentor to quality is a possible succeeding step.
Challenges: It can be difficult to retroactively apply a definition of quality to an existing
project, when not all participants are in agreement.
Used by: CM5, CM13, CM14, CM18, CM24
Proposed by: CM16, CM19
4.2.2 Community preparation
The category Community Preparation contains practices associated with preparing
the community to engage episodic contributors. Identifying appropriate tasks and
lowering barriers to entry are part of this group. CM4 explained the reasoning
behind practice P.8 Create working groups with a narrow focus to prepare the
community for accepting episodic contributors:
“By focusing the working group on a topic that people can identify with,
we hope that episodic contributors have an easier time identifying what
is useful to them and then have a place to contribute.” —CM4
Practice P.8: Create working groups with a narrow focus
Context: The project is too complex for participants to easily comprehend it in its




• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Create specialized working groups that people can identify with. With a narrow
focus and defined outcomes, episodic contributors will be able to find tasks more readily.
Related practices:
• P.6 List current areas of activity is a possible alternative step.
• P.18 Write modular software is a possible alternative step.
• P.18 Write modular software is a complementary practice.
• P.18 Write modular software is a possible preceding step.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Challenges: Contributions within the working groups will need to be reported back
outside of the group.
Used by: CM2, CM3, CM4, CM5, CM6, CM16
4.2.3 Onboarding contributors
The category Onboarding Contributors contains practices that can be applied when
a new episodic contributor joins the community. O.2 Screen potential contributors
is part of the collection of practices for incorporating episodic contributors. A
community manager explained why screening can be beneficial:
“The first criteria of contribution should be the availability/commitment
of participants to donate their time (specifically mentioned as a time
frame). This will help reviewers and community leaders to estimate the
impact of the contributions.” —CM14
Practice O.2: Screen potential contributors
Context: In order for a contributor to properly perform a role, a certain minimum
commitment is required. The project has repeated problems with people insufficiently
committing to roles.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
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• 4.C Episodic contributor lacks understanding of project vision
• 5.C Episodic contributor and community have mismatched expectations
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Screen potential contributors to determine if they are a good match for the
role. This may include having availability at the appropriate time, or being able to commit
to a certain amount of time. It is less likely that the commitment will not be met.
Related practices:
• O.1 Learn about the experience, preferences, and time constraints of participants is a
more general practice.
Challenges: Some people will be prevented from pursuing the role, but if there are other
forms of contribution it does not prevent them from participating altogether. Assessing
potential contributors requires effort.
Used by: CM3, CM8, CM10, CM13, CM14
4.2.4 Working with contributors
The category Working with contributors contains practices applied during the
period that the episodic contributor is working on an assignment. These practices
ensure that episodic contributors’ contributions can be used by the community. A
study participant expressed an interest in applying the practice W.10 Encourage
learners to mentor when working with contributors:
“It should be possible for the people reviewing episodic contributions
to be a different group than the most active developers, so reviews
of episodic contributions don’t eat away the time available for other
larger contributions. I almost think of this like a mentorship, and the
pool of reviewers might even be episodic contributors themselves, who
have learned enough to spend part of their limited time on the project
reviewing episodic contributions by others.” —CM16
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Another community manager explained how the process can also benefit the
mentor:
“Encouraging someone to answer questions on IRC, for example, com-
municates that you think that they grasp the concepts.” —CM2
Practice W.10: Encourage learners to mentor
Context: Highly active contributors have limited time to mentor episodic contributors.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
• 8.C Community’s cost of supervision exceeds benefit of episodic contribution
• 11.C Community lacks an episodic strategy
Solution: Engage episodic contributors in leading other episodic contributors. Let them
review episodic contributions and mentor episodic contributors. Episodic contributors are
likely to understand the concerns and limitations of other episodic contributors. Using
returning episodic contributors to lead episodic contributors lets core contributors focus
on other areas, and recognizes the competency of returning episodic contributors.
Related practices:
• P.16 Share success stories is a complementary practice.
• W.1 Have a key contributor responsible is a complementary practice.
• W.8 Mentor to quality is a complementary practice.
• R.2 Encourage social connections is a complementary practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Used by: CM2, CM5, CM12, CM13
Proposed by: CM11, CM16
4.2.5 Contributor Retention
The category Contributor Retention contains practices that encourage contributors
to return. CM13 explained why R.9 Provide evaluations and a promotion path is
a useful retention practice:
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“It is also important to provide episodic volunteers with metric achieve-
ment in the community for their time dedicated and tasks completed.
They can grow from basic volunteers to representatives, mentors, in-
fluential leaders and even employees, motivating results and retention.”
—CM13
Another community manager described an additional benefit for the community:
“[Skills exploration and skill building sessions] can prove helpful as the
main goal would be to know what skills episodic volunteers have and
what skills they can develop to contribute to more projects (long term
or short term).” —CM14
Practice R.9: Provide evaluations and a promotion path
Context: Episodic contributors are unable to develop as contributors. There is sustained
episodic participation, and absences do not affect the completion of duties.
Concerns:
• 15.C Community gives episodic contributors reduced access to opportunities and
rewards
Solution: Provide assessment and opportunities to episodic contributors. Examples
of assessment are skill exploration and personal evaluation. Examples of opportunities
are travel, employment consideration, succession planning, and skill building. Sustained
episodic participants are encouraged to continue contributing and are more beneficial to
the community.
Related practices:
• R.10 Promote episodic contributors is a more specific practice.





Many practices are of limited effectiveness if implemented without related practices.
For instance, it would be impossible to implement O.3 Guide people to junior jobs
without first implementing P.1 Identify appropriate tasks, but it would also be
ineffective to initiate P.1 without planning to advertise it. However, with a wide
range of practices, some tuned to specific contexts, there is no single correct way
for a community manager to combine practices to achieve a particular goal.
We asked participants how they might combine practices into a workflow in
order to address an important concern. The response to this question can be seen
as examples of how community managers approached the task. It is illustrative
for other practitioners who want to understand how to make use of the extensive
list of practices we provide. Each workflow consists of a number of practices, to
be implemented sequentially or simultaneously, which together form one possible
solution to a specific concern. All workflow diagrams are provided in the appendix
(Barcomb et al., 2019a).
Figure 2 depicts an example workflow proposed by CM6 to address concern
11.C Community lacks an episodic strategy. The diagram shows the practices
P.1 Identify appropriate tasks and W.1 Have a key contributor responsible as
complementary practices because they are not directly connected to each other,
but both precede practice P.10 Keep communication channels active. P.13 Have
a social media team also succeeds P.1 and W.1.
Another workflow is shown in Figure 3. It was devised by CM19, and depicts
an alternative approach to addressing the same concern. This shows the very
individual way in which community managers might join practices to address a
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Figure 2: First example EV Workflow
concern, based on their own experience and idiosyncratic understanding of their
communities.
Figure 3: Second example EV Workflow
5 Discussion and Conclusion
5.1 Discussion
We looked for participants engaged in different communities, from different countries,
and representing communities of different sizes. In order to identify any relationship
between responses based on these dimensions, responses were coded with the
community name, countries involved, and activities the community manager had
experience with. Observed variations in practices based upon any of the dimensions
identified are described in the Context field of the full description of practices.
Size was an important factor in how episodic contributors are informed about
developments. Smaller communities favored a less formal approach such as P.7 Hold
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open progress meetings while larger communities recommended O.5 Manage task
assignments with an application. Mature communities were more concerned with
governance and automation practices such as G.5 Create a community definition of
quality, W.5 Automate checking the quality of work, O.5 Manage task assignments
with an application, and W.13 Automate process assistance.
One difference was observed based on country. Specifically, reimbursement
solutions such as G.8 Centralize budgeting of sponsorships and G.9 Use an external
provider for sponsorships were more frequently mentioned in less developed coun-
tries, regardless of location. However, it is important to note that the context for
these practices is participants who need sponsorship, and this situation can arise
in any country. FLOSS communities had rather consistent concerns and practices
around the world.
Activities produced the greatest amount of diversity in practices. In particular,
event organization supplied a number of practices primarily applicable to this
context. Software development was another area that stood out as influencing
practices. For example, G.3 Host in-person meetings is primarily an event-planning
practice, while P.18 Write modular software is clearly specific to software develop-
ment. Practices specific to one type of work within the FLOSS community were of
course less likely to be confirmed than general practices applicable to multiple types
of contributions. This may be the reason that some practices, such as P.20 Offer a
consistent development environment and P.17 Provide templates for presentations,
were not confirmed. Future research could focus on confirming practices for specific
aspects of FLOSS work.
Gender was not a dimension we specifically considered in our research design, as
there was no indication that long-term, habitual community managers’ experiences
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would differ by gender, although there is mounting evidence that new contributors
may have different experiences based on gender (Mendez et al., 2018). One-third of
our study participants were female. We did not directly ask if they had observed
any differences in the effect of practices or the intensity of concerns based on gender,
although participants could of course discuss gender as context to a problem or
solution if they considered it relevant. One participant did mention gender, but as
a general statement, noting that women are more responsive to recruitment:
“ . . . in my experience women are more active in volunteering if they
find the community responsive. I clearly see the difference in managing
gender-related communities and regular communities, that more clearly
represent the state of the industry.” —CM24
This corresponds with findings from the general volunteer literature, where most
studies find that a significant majority of volunteers are women. However, it is
in contrast with studies of FLOSS, which show that most participants are male.
CM24 proposed that making communities more welcome for women should not be
challenging or resisted:
“Making the community friendly for women means making it friendly
for everyone who is a kind person, because everyone would feel included
and involved. [It’s easy to see if this is succeeding, because women are]
literally half of the population.” —CM24
Another aspect of variation, less easy to quantify, is visible in the different
ways community managers combine practices into workflows to address concerns.
The work of a community manager is “people-centric and versatile,” (Mäenpää
et al., 2017) and it is their implicit and tacit knowledge of their communities which
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undoubtedly plays a role in determining the construction of a workflow. Future
research could try to elicit the factors which go into such decisions.
We identified 65 practices, but this is not necessarily an exhaustive list of
practices. We compared our findings to an earlier study of onboarding guidelines,
which were based on interviews with community managers, diaries of newcomers,
and literature (Steinmacher et al., 2018b). Although their study focused on
newcomers, we expected to find overlap because episodic contributors can often
only be identified in retrospect (Bryen and Madden, 2006), not when they join.
We also compared our results with our earlier study, where potential practices
for managing EV were proposed based on interviews with community managers
and the EV literature (Barcomb et al., 2018). Table 5 includes the complete list
of practices proposed by the two previous studies, in addition to an overlapping
subset of practices from this study.
Table 5: Comparison of practices identified in this study and previous studies
This study Steinmacher et al.
(2018b)
Barcomb et al. (2018)
G.6 Craft a community
vision
– Use a code of conduct
– – Consider time-based releases











This study Steinmacher et al. (2018b) Barcomb et al. (2018)
P.6 List current areas of
activity; P.1 Identify
appropriate tasks






P.16 Share success stories – Encourage long-term episodic
volunteers to talk about the
community
P.17 Provide templates for
presentations
– Provide digestible information
for sharing
– – Highlight the benefits of
advocating broadly
P.20 Offer a consistent
development
environment
Make it easy for





– Identify and dismiss
outdated information
Good documentation
– Document the code
structure
–
– – Collaborate with organizations
with shared values
– – Host local events
O.7 Offer guided
introductory events
– Offer guided introductory events
O.3 Guide people to
junior jobs





This study Steinmacher et al. (2018b) Barcomb et al. (2018)





Be kind and make
newcomers feel part of
the team
Provide opportunities for social
interactions
R.3 Follow up on
contributors
– Issue personal invitations to
episodic volunteers
– – Be aware of episodic volunteers’
areas of expertise and
requesting their assistance,
sparingly
R.7 Recognize everyone – Recognize all forms of
contributions
– – Use opt-in platforms to
broadcast calls for
participation for specific tasks
In total, nine practices appeared in the other studies which were not found in
our study. Two practices were identified from the onboarding study (Steinmacher
et al., 2018b), and eight from the earlier EV study (Barcomb et al., 2018) (one
practice was found in both other studies but not our study). Some of this difference
can be explained by variable levels of granularity. For instance, Consider time-based
releases could be seen as a specific implementation of R.1 Publicize your release
schedule. The different research approaches also explain some of the difference.
While the previous EV study provided suggestions based on the EV literature, some
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of these recommendations, such as Evaluate assets, availability and assignments
may not be widely-known or systematically applied in FLOSS communities. Still
other practices may have been considered so mainstream that participants did
not need to mention them, such as Good documentation. In the end, our study
identified 52 practices which were not described in the previous studies, in addition
to 13 which were previously described (see Table 5). Our emphasis on identifying
practices explains why so many new practices relevant to EV were found. Many of
these practices are familiar in the FLOSS domain because community managers
are adapting existing practices to the EV context.
5.2 Limitations of the Study
The Delphi method is a qualitative method, and so the traditional criteria used for
quantitative studies (such as internal validity, external validity, and reliability) are
not appropriate due to epistemological differences. Instead, qualitative research is
best evaluated by an alternative set of criteria for naturalistic inquiries proposed
by Guba (1981). Guba’s criteria are credibility, transferability, dependability, and
confirmability.
Credibility. Credibility concerns how plausible, or true, the findings are. Our
confidence in the result is strengthened by the fact that the practices were identified
iteratively, over a ten month period. This meant that there were many opportunities
for participants to reflect on the information which was presented and to amend it.
By design, a Delphi study involves member checking during the theory development
phase. Preliminary results were also shared with a community manager not involved
in the study as an additional form of member checking.
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Transferability. Guba (1981) recommends purposive sampling as a means of
ensuring the transferability of the results. We identified three dimensions which
the literature suggested might affect our results and created a diverse Delphi
study panel. We were able to observe situations where the dimensions limited the
applicability of practices, but were also able to identify broadly applicable practices.
We were able to differentiate between novel suggestions and practices which are
already in use.
Dependability. Dependability is strengthened by maintaining an audit trail.
We maintained anonymized as well as original copies of all responses, including
feedback on the collation. We retained a copy of the collation in the state it
appeared after each round as well as after feedback was received on the collation.
Any supplemental documents developed in creating the collation were also retained
in a project repository.
Confirmability. There were multiple opportunities for study participants to
correct researcher bias. We asked participants to review our anonymized versions
of their responses, in order to ensure that we did not alter their intended meaning.
The multiple phases of a Delphi study allow participants to respond to the devel-
oping theory. In addition, we reflected our understanding to participants with a
personalized report of practices we understood them to have tried or advocated
and requested corrections.
5.3 Conclusion
The identification of 65 practices, 52 of which had not been previously described
in the context of managing EV in FLOSS, demonstrates that many community
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managers are actively thinking about how to incorporate EV. Our study confirms
that 74% of practices we identified are being actively used. This represents
a significant evolution in FLOSS communities, as an earlier study found that
community managers are aware of EV in their communities but are not taking
any specific steps to manage it (Barcomb et al., 2018). Given the nascent state of
the literature on EV in FLOSS communities, this study fills a significant gap. We
also described the relationships between practices and gave some examples of how
practices can be combined to form a workflow. The findings of this study can be
readily adopted by FLOSS community managers.
We further identified 16 concerns that community managers have about EV
in their communities, and identified how frequently they were observed by our
participants. These concerns were ranked by the expert panel members of this
study. The ranked list provides a roadmap for future research as it provides clues
as to where researchers and practitioners might direct their energy. Concerns are
linked with practices for addressing them, opening the possibility of future studies
investigating the effectiveness of different approaches.
With the handbook (Barcomb et al., 2019a) we have created an extensive guide
for managing EV in FLOSS which can be readily understood by researchers and
practitioners, which draws upon the experiences of seasoned community managers
from a number of different communities, geographic regions, and areas of expertise.
To the best of our knowledge, this study is the first that has gathered practices
for managing episodic contributors in FLOSS communities. Given the increasing
attention for episodic contributors as a phenomenon within the open source liter-
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Table 6 details our study participants by country of origin, country of residence,
and the contribution types they engage in.







SC Do Tr Dn Su Eg Me CM Es Ec
CM1 USA USA ! ! ! ! ! !
CM2 Kenya USA ! ! ! ! ! ! ! ! ! !
CM3 Cyprus Cyprus ! ! ! ! ! ! ! ! ! !
CM4 Germany USA ! ! ! ! ! !
CM5 Italy France ! ! ! ! ! ! !
CM6 Spain Spain ! ! ! ! ! !
CM7 USA Czech Republic ! ! ! ! !
CM8 Singapore Singapore ! ! ! !
CM9 Brazil Brazil ! ! !
CM10 South Korea Germany ! ! ! !
CM11 USA USA ! ! ! ! ! ! !
CM12 Romania Romania ! ! ! !
CM13 Uganda Uganda ! ! ! ! ! ! ! ! ! !
CM14 India India ! ! ! ! ! !
CM15 Ireland Japan ! ! ! !
CM16 USA USA ! !
CM17 Hungary Hungary ! ! ! ! ! !
CM18 Australia Australia ! ! !
CM19 UK UK ! ! ! ! ! ! ! !
CM20 France France ! ! ! ! ! ! ! !
CM21 Brazil Argentina ! ! ! !
CM22 Tunisia Tunisia ! ! ! ! ! !
CM23 Peru Peru ! ! ! ! ! ! ! ! !
CM24 Ukraine UK ! ! ! !
Legend: Source code (SC), Documentation (Do), Translation (T), Design (Dn),
Support (Su), Evangelizing (Eg), Mentoring (Me), Community management (CM),
Events (Es), Economics (Ec)
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B Description of Communities Represented
We include a brief description of the communities our participants are engaged in,
which are listed in alphabetical order.
B.1 Anonymous community
CM1 preferred not to have their community named. The project was initiated in
2000. It has a well-established codebase which is licensed under GPL v3, consisting
of more than 30,000 commits made by about 200 developers. New stable releases
are made twice a year.
B.2 Apache
Website: http://www.apache.org
The Apache Software Foundation (ASF) supports the Apache community of open
source software projects. The ASF is all-volunteer and develops and stewards more
than 350 projects and initiatives.
CM2, who is engaged at the foundation level, described the community this
way: “Our mission is to support the creation of Open Source software at no charge
under the Apache License, by providing project access to our resources where like-
minded communities can flourish and produce and release software according to our





The Community Health Analytics Open Source Software (CHAOSS) community
is a part of the Linux Foundation. It is a collaboration between academics and
practitioners. The metrics committee aims to define implementation-agnostic
metrics to evaluate open source communities’ health and sustainability. It is a
small community, with about 15 active contributors each month.
In the words of CM4: “The CHAOSS community aims to understand open
source community health. We have two committees focusing on two aspects of health.
The metrics committee – I’m involved with managing it – standardizes metrics and
aims to fully understand how they inform health, can be used, and gamed. The
software committee builds software to generate health metrics for communities.”
B.4 ChakraLinux
Website: https://chakralinux.org
ChakraLinux is a GNU/Linux distribution which focuses on technical simplicity
and KDE and Qt technologies. It was founded in 2006 and was first released in
2008. According to CM3, around 50-100 people are active on a monthly basis in
advancing ChakraLinux.
ChakraLinux does not schedule release dates, but uses a “half-rolling release”
system where core packages are frozen and only updated to fix security issues. After
they have been tested, they are moved to the permanent repository (approximately






Debian is a free software operating system. The first release was made in 1993 and
it currently contains over 50,000 packages. Debian has about a thousand active
developers. It is governed by an elected project leader who serves a one year term.
The Debian project uses a vetting process for developers which seeks to establish
not only participants’ technical competence but also motivation and understanding
of the project’s principles, which are described in the ‘Social Contract.’ CM16 and
CM5 were the Debian community mentors participating in our study.
B.6 Drupal
Website: https://www.drupal.org
Drupal is a content-management framework. It is a large community. CM6 described
the Drupal community as “a huge international community with thousands of
contributors to one of the most used CMS of the web. There are over 1 milion
users at Drupal.org, with more than 100,000 active users. It is mainly used for
professional purposes, so not only individuals are part of the community: companies
too, giving time to contribute to the employers or sponsoring Drupal events.”
The Drupal community operates with a number of working groups. The project
founder, Dries Buytaert, has final authority on decisions.
B.7 Fedora
Website: https://getfedora.org
Fedora project community and sponsored primarily by Red Hat. It was launched
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in 2003. CM8 described the governance structure: “Development of project is
headed by steering community heads. For engineering, there’s FESCo. There’s
also the main steering community - Fedora council. Elections take place and are
democratic - a person being part of Red Hat doesn’t mean that he/she will stand a
higher chance of being elected. Red Hat simply has employees dedicated to Fedora
Project (just like how they have employees dedicated to Openshift and Kubernetes;
of which Kubernetes is owned by Google.).” CM7 was another Fedora community
mentor who participated in our study.
Fedora has an estimated 1.2 million users. It has a relatively short release cycle,
with two releases a year. Each release is only supported for 1 month after the two
subsequent versions have been released.
B.8 Joomla!
Website: https://www.joomla.org
Joomla! is a content management system. It has been downloaded over 97 million
times and is estimated to be the second most common content management system
in use. It was first released in 2005. Joomla! is governed by a board of directors.
CM9 described how inclusivity has been important aspect of the Joomla!
community: “In my city, a smaller community with lightning talks about Joomla
and about PHP code, with focus in women and transgender people. The guys






KDE is a free software community which creates a number of tools, most notably
the Plasma Desktop, which is the default desktop environment for a number of
Linux distributions. KDE is a large community, with more than 2,500 active
contributors. KDE is known for being a volunteer-oriented community, although
paid developers also participate. The overall direction is set by the KDE Core
Team, which consists of developers who have made significant contributions over a
long period of time.
CM11 described being a member of the Community Working Group in KDE as
being a “gardener of the community”: “If we personally can’t handle the problem
for whatever reason, one or two of the others will step up and help out. Fortunately
problems don’t arise often, because they are very emotionally draining when they
do. So this job is by its nature episodic.” CM10 participates in the Korean KDE
community, working to maintain ties between Korean KDE enthusiasts and the
broader community, and addressing localization issues.
B.10 Kubuntu
Website: https://kubuntu.org
Kubuntu is a variant of the Ubuntu operating system which uses the KDE Plasma
Desktop. Kubuntu development is led by community contributors.
CM11 described the release process within Kubuntu: “The RM [Release Man-
ager] is in charge of the team of folks who ensure that all the newest applications are
built, tested and uploaded in time for the various releases and the milestones leading
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up to that release. We coordinate testing, create the necessary documentation and
publicity for the process.” 11also explained governance: “The Council’s official
duty is to recruit and admit new Kubuntu Members. In addition, we’re often asked
for advice and consent for various issues which touch governance and try to provide
leadership to the team. Terms are for two years, and sometimes people do disappear
during or after their terms.”
B.11 Linux Mint
Website: https://linuxmint.com
Linux Mint is a community-driven GNU/Linux distribution based on Debian and
Ubuntu. Development started in 2006. Individuals and companies can act as
donors, sponsors, and partners in the distribution. CM12 participated in the study
as a Linux Mint community member.
Linux Mint does not have a strict release schedule but releases new versions




The Mozilla Foundation is a charitable organization. The Mozilla community
has hundreds of core contributors, thousands of active contributors, and tens of
thousands of casual contributors. Mozilla describes its goal as ensuring that the
internet is a global public resource, open and accessible to all.
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CM13 and CM14 participated in our study as Mozilla community contributors.
CM14 described the community structure of Mozilla: “For Mozilla global community,
the structure is divided region wise example, Mozilla Brazil, Mozilla UK, Mozilla




NextCloud is a collection of client-server software for file hosting. It was founded
in 2016 as a fork of ownCloud. ownCloud has both a free and a commercial version,
while NextCloud has only a community version. CM10 participated in maintaining
translations for ownCloud and NextCloud.
NextCloud has grown rapidly, and had over 100,000 downloads in 2017. NextCloud
contains code from about 1,000 people, of whom about 100 are regular contributors.
B.14 OSGeo-Live
Website: https://live.osgeo.org
OSGeo-Live is a software distribution of about 50 geospatial open source appli-
cations, along with data and documentation. Development started in 2008. It is
governed by a Project Management Committee.
CM18 described the community structure: “Focused, periodic contributions
are provided by each project represented on OSGeo-Live, and by each language
community who translate documentation. As such, OSGeo-Live is both a community
and a community of communities. While OSGeo-Live has occasionally attracted
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sponsored contributors, and does currently have some infrastructure services provided




The OpenChain Project strives to increase trust in open source by simplifying
open source license compliance and making it more consistent. The OpenChain
Specification provides a core set of requirements every quality compliance program
must satisfy, while OpenChain Curriculum provides education on open source
processes and solutions. OpenChain Conformance allows organizations to indicate
that they adhere to the requirements.
CM15 described OpenChain participation: “I run the OpenChain Project with a
diverse community of company representatives, NGO representatives and individual
participants. Our goal is to define the key requirements of a quality open source
compliance program for use throughout the global supply chain.”
B.16 OpenStack
Website: https://www.openstack.org
CM17 summarized the project: “OpenStack is an open source project producing the
open standard cloud computing platform for both public and private clouds. A new
version of the software is released every half year as the result of the collaborative
efforts of over 2500 developers around the globe per cycle. The project is managed
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by the OpenStack Foundation and has over 600 supporting companies.” OpenStack
was started in 2010 as a joint project of Rackspace Hosting and NASA.
CM16 also participated in our research as an OpenStack community mentor.
B.17 Perl
Website: https://www.perl.org
Perl is a programming language which was first launched in December 1987. The
Perl Foundation is responsible for advancing the Perl programming language and
carries the legal responsibility for both Perl 5 and Rakudo Perl 6. Perl 5 has over
185,000 libraries, which were written by more than 13,000 authors.
CM19, whose focus is the repository for Perl libraries, CPAN, described commu-
nities within Perl: “There are three parts to what I consider ‘my community’. The
second and third are subsets of the first. The broader set is the ‘Perl community’:
people who program in Perl, use Perl in some way, whether for pleasure or work,
and who may or may not share their results. The subset is CPAN authors, those
members of the Perl community who have shared one or more things as open source,
on CPAN. And helping people from the first set gain membership of this second one.
A further subset I’m active in is the CPAN Toolchain developers: those members




PostgreSQL is an open source relational database management system. It is
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developed by the PostgreSQL Global Development Group, which is a diverse group
of companies and individual contributors. Releases are made about once a year.
PostgreSQL has over 400 developers and “as with other open source projects,
of course, we depend on hundreds of community members for documentation,
translations, advocacy, conferences, website development, infrastructure, and peer-
to-peer support.” (PostgreSQL website, accessed 2019-01-10). CM20 participated
in our research as a PostgreSQL community mentor.
B.19 Python
Website: https://www.python.org
Python is a programming language which was first released in 1991. It is widely used
in web development and data science. CM21 described the community: “Community
to me is a set of people who help each other with respect to technology. It also has
a common purpose as a specific type of technology.”
Until 2018, Python was led by the Benevolent Dictator for Life, Guido van
Rossum. Currently Python is undergoing a governance model selection process.
The Python Software Foundation is the non-profit behind the language.
B.20 RDO
Website: https://www.rdoproject.org
RDO is a community of people deploying OpenStack on CentOS, Fedora, and
RHEL operating systems. RDO is an open source project for creating Infrastructure
as a Service (IaaS) on standard hardware. It is not a fork of OpenStack but a
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community which packages OpenStack. CM2 contributed to our study from the
perspective of the RDO community manager.
Many RDO contributors are Red Hat employees, but there are also participants
working for other companies or volunteering. Most contributors participate several
times each release, but do not work on the project full-time.
B.21 Ubuntu
Website: https://www.ubuntu.com
CM22 described the Ubuntu community: “Ubuntu is a GNU/Linux distribution.
The name comes from the philosophy of ‘ubuntu’, or ‘humanity to others’/‘I am what
I am because of who we all are’. Ubuntu is committed to free software principles. It
was first released in 2004. Ubuntu is funded through a portfolio of services provided
by Canonical Ltd.” CM23 also participated in our study by providing a perspective
from the Ubuntu community.
The community processes of Ubuntu are overseen by the Community Council.
The Ubuntu Technical Board manages the technical direction of Ubuntu. Although
the community strives to operate on consensus, some matters are handled by vote,
and ultimately Mark Shuttleworth, the project sponsor, can become involved.
B.22 Women Who Code
Website: https://www.womenwhocode.com
CM24 summarized the community: Women Who Code is a global non-profit organi-
zation dedicated to inspiring women to excel in technology careers. The organisation
includes 50,000 people in 20 countries. Kyiv branch has been launched in Jan-
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uary 2017 and already has 800 members, including both women and allies.” The
organization pursues its objectives by educating companies to hire, retain, and
promote talented women; developing role models; and building a global community
of networking and mentorship.
Women Who Code is not, strictly speaking, a FLOSS community because it
is not involved in the creation of FLOSS software. However, because its mission
closely relates to software development, and FLOSS communities such as Mozilla
have embraced a broader social mission, we included the community in the study
to increase the observations of event organization and mentoring activities.
C Letter Templates
This appendix shows the templates of the letters which were sent to participants.
Some letters, such as reminders, were only sent to an applicable subset of partici-
pants.
Invitation to Participants with Previous Contact
I recently spoke with you about my research [context of conversation] and you indicated
you might be willing to participate. I would like to tell you more about this research,
which would take the form of a Delphi study and would focus on casual contributors in
open source projects.
A Delphi study is similar to a panel, except that the participants are anonymous to one
another, although not to the researcher. Usually a study contains about 20 participants,
who are selected to be diverse along certain dimensions. A typical study consists of three
rounds. Each round requires participants to read some material and answer questions
by email. The questions will generally require serious consideration and will take some
time to answer. After each round, I will take all the answers and summarize them. The
summary would then be sent to each participant for the next round. One aspect of the
study which is important is that participants need to commit to all rounds.
This is how each round of the study will be implemented:
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1. Each panelist receives the same question via email, and I ask for a reply within
one week. I may follow-up for clarification.
2. I anonymize the replies and check with each panelist to make sure that her/his
views are still correctly represented. This will be done within a day or two.
3. Everyone on the panel receives a collated summary of the anonymized replies of
the whole group. This helps ensure content is evaluated on the basis of merit,
not on the reputation of the author. This will be done within a few days of all
responses being anonymized and confirmed.
4. On the basis of the collated summary, the panelists are then given a chance to
revise their previous answers, if desired. You will be asked to do this within two
days of receiving the collated summary.
5. A collated summary of the anonymized, revised answers is made available. This
completes a round. The next round begins with a new question which builds upon
the previous round.
I expect the rounds to take place in the second week of January 2018, mid February,
and March. Each round will take some time to respond to. In the pilot study, I found
that it took 20 minutes on average to respond to the question posed in each round (5
minutes minimum, 45 minutes maximum). Additional time will be required to verify the
anonymized version of your comments, and, if desired, to revise your answers in response
to the collated summary. You may end up spending more time on each round, at your
own discretion.
I realize that you are busy and I am asking for a significant amount of your time. I would
like to offer a small donation to the free/libre/open source software non-profit of your
choice. I recognize that your time is probably worth more than this donation. However,
please keep in mind that your participation will help advance the understanding of how
to manage casual contributions in general. Furthermore, I expect this research to be
beneficial to your own community as you will be able to develop an approach which relies
not only on your own knowledge, but which can also be improved by incorporating the
thoughts of other community managers. I also hope this discussion will prove interesting
for all participants!
The dimensions that I have identified as relevant to this study are community size, type
of activities you manage, and your cultural background. To confirm your participation,
please respond with:
• A description of your community in your own words, in terms of purpose and size.
• Your country of origin, and, if different, of residence.
• A description of the type of activities you manage, from this list:
– Source code: write code, review code, report bugs
– Documentation: write, report issues
– Translation: translate and review translations
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– Design: user experience design, visual design, style guide creation
– Support: participate in support fora, create cookbooks
– Evangelizing: blog posts, speaking at unrelated events, marketing
– Mentoring: creation of training materials, mentoring contributors
– Events: organization of events, speaking at events
– Economic: making donations, seeking sponsorship
• The name and URL of the registered non-profit you would like me to make a
donation to in your name.
I would also like to know how you would like your responses to be published. Although
you will remain anonymous to other participants during the research, you have the option
of having your words attributed either:
1. With your own name,
2. Semi-anonymously, with your community affiliation and position disclosed, or
3. Anonymously, with a numeric identifier (e.g., ‘Panelist 9’)
I very much appreciate your willingness to participate and am happy to provide updates
about the research at your request, regardless of whether or not you choose to participate.
I would appreciate a response to this mail as soon as possible, so that I can begin the
first round of the study.
Invitation to Participants without Previous Contact
I am a PhD candidate associated with Lero at the University of Limerick in Ireland, and
the Open Source Research group at Friedrich-Alexander University Erlangen-Nuremburg
in Germany. My research concerns community management in free software/open source
communities, specifically episodic/casual contributors. Previously I looked at the current
situation for episodic contributors, and now I would like to look at what communities
could be doing to incorporate episodic activity.
I’m contacting you because I would like to ask you to participate in my upcoming Delphi
study. There are several reasons why I’m asking you specifically. [list of attributes
identified as relevant to the study, as the pertain to the potential participant]




This study will have three rounds, about five weeks apart. In each round participants -
who are anonymous to one another but not the researchers - are given a question to answer.
In the pilot study, it took 20 minutes on average to answer the question. Responses are
anonymized and sent back for confirmation, and then each participant receives a collated
report of all responses. Based on what they learn from the other responses, participants
can optionally revise their initial answers. Each round builds on the previous round, to
develop a strategy for managing episodic volunteering in each participant’s community,
from which generalizations can be made by the research team. The study is scheduled to
begin around 8 January, 2018.
Please let me know if you’d consider being a member of this panel. I really hope that it
will be interesting and relevant to all participants, and also beneficial to free software/open
source communities in general.
Round I Initiation
Thank you for the time and effort you’ve already put in to this study, and for your
willingness to participate.
This is the first discussion round. Please send me your response by Monday, 21 January.
In this round, I would appreciate a response to the following:
Episodic volunteering is marked by short-term, erratic and conditional participation.
Episodic volunteers may participate just once, or they may be retained and return
irregularly or infrequently over a period of several years. Participation can range from a
few hours or a day, to several episodes over a period of a few months.
Please describe a problem or potential for improvement in your community which involves
episodic volunteering. Explain the issues involved and the desired outcome.
If you would like, describe additional ways where the management of episodic volunteering
could be improved in your community.
If you participate in multiple communities, please clearly indicate which commu-
nity/communities your responses relate to.
It is very important that you communicate exactly what you have in mind. Do not worry
about keeping it anonymous, as I will anonymize it and send the result to you for approval.
Please provide details, examples, thoughts, and ideas on the general applicability (or lack
of) this situation to other communities.
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If you have any questions, please don’t hesitate to ask me.
Please remember that I wish to publish the important data at the end of the study for
credibility and for the benefit of others.
Once I have collected all responses, I will take a few days to clarify, anonymize and collate.
After this I will present you with the collated responses and you will have the opportunity
to revise your answers if desired, in light of other responses.
Please keep me informed of any scheduling concerns you may have! If you are not able
to respond by Monday, 21 January, please contact me so that I know you still intend to
participate.
Thank you very much for your participation.
Round I Collation
Thank you for all your interesting responses! I have been busy with analysis of more than
30 pages of material. I am attaching the initial collation for Round I. A plain text version
appears below.
It is not necessary to respond to this collation if you do not have anything to add!
If you would like to update your response to Round I, please send your response by
Sunday, 25 February. I would prefer to receive a new letter rather than a revision of your
original statement, if possible. In your response, you might consider:
• Adding an example to a problem you didn’t originally mention
• Providing a context or caveat to a solution you didn’t propose but are familiar
with
• Correcting me on the context of a solution
• Proposing another solution to a problem
• A new problem you thought of after reading
• Additional details to a problem mentioned earlier, such as how it is distinctly
episodic
Once I have received any additions or corrections, I will analyze them and send out a
revised collation. Shortly after this, the questions for Round II will be sent, at the end of




Thank you and welcome to Round II! In Round I, I asked about issues you observed and
possible solutions. At the end of the round, I sent a collation of a number of problems
and opportunities concerning episodic participants. A summary of the 16 issues is given
below, and you may refer to my earlier email for a more detailed description.
Please send me your response by Sunday, 18 March. (If for some reason you are not able
to make this, please let me know.) As in the previous round, a collation of all responses
will be sent once I have analyzed them, which is expected to be at the end of March.
For these questions please consider your own experience rather than speculating about
what others in your community may think:
• Of these 16 issues, which ones are a concern in your community?
• What are the top three issues, in order, in your community?
Consider the highest-ranked concern in the list you just made. For this concern, please
describe a strategy you would use to address it. By strategy, I mean the actions you
would take to investigate and change the situation, any relationship between the actions
(such as if..then dependency or sequential steps), and your thoughts about why these
actions were chosen.
If you would like to include strategies for other concerns in your list, please do so. If you
participate in multiple communities, please indicate which community your responses
relate to.
Round II Collation
Thank you for all your responses to Round I and II! Once again, I apologize for my delay
in creating this collation. I am attaching the initial collation for Rounds I and II. A plain
text list of solutions appears below.
It is not necessary to respond to this email if you have nothing to add. However, if you
would like to update your response to Round II, please email me by Sunday, 27 May.
Once I have received any additions or corrections, I will analyze them and send out a




I’d like to launch Round III, the final round of the study. Your contributions have been
very helpful in describing what techniques are being considered for managing episodic
participation in open source communities. The focus of Round I was an overview of
problems and solutions, and in Round II the emphasis was on examining the problems in
more detail, and the relationships between solutions. For Round III, I’d like to look into
the solutions in more depth.
I’d appreciate your responses by June 18th at the latest.
Please consider the summary from Round II before answering. If you need a copy of
either summary, it can be downloaded: [Temporary URLs]
1. Of the solutions described in Round II, which ones have you used in response to the
forces described? To make this easier, I am including a list of the solutions you mentioned
in previous rounds.
2. If you have used a solution to address different concerns (forces) than those stated in
Round II, please elaborate on them. Only consider situations which relate to episodic
contributions.
3. Do you see any details which are missing from the solutions? If so, please describe
them. This could include: relationships between solutions, limitations to the applicability
of a solution, benefits, or disadvantages.
4. Can you suggest any solutions, listed or unlisted, which you have not tried, but believe
might be helpful to addressing a problem related to episodic participation? (Please
indicate the problem as well.)
Ps. I’ll be making the donations to the charity of your choice while you consider Round
III. I may be in contact if I have any problems or questions about your choice.
Round III Supplement
This is short report of the practices I think you have either used or recommended. I have
tried to err on the side of being conservative of what I have attributed to you.
[list of practices]




This is just a quick note to let you know that I have made a $50 donation to [charity] on
your behalf, in recognition for your contributions to my research.
Round III Reminder 1
T his is just a gentle reminder about Round III of the Delphi study. If you could get me
your response by the end of June, I would very much appreciate it, but if for some reason
that isn’t possible please send me a message so I can try to make arrangements.
If you have any questions about Round III, please let me know.
Thank you for all that you’ve already done to contribute to this study. I hope I can
persuade you to complete the study, as this would greatly improve the reliability of the
results. If you feel that Round III is too time consuming, you might consider addressing
just one or two of the questions you find most interesting.
Round III Reminder 2
I just want to remind you that I haven’t received your response to round III yet. The
study is almost done, and I hope very much that you will participate through the last
round! If you don’t have time to answer all the questions, you might consider doing just
one or two of the following:
• List all the practices you have used, from the list in Round II (Q1)
• Point out anything that you think is missing from the practices described in Round
II (Q2, Q3)
• Speculate about other possible solutions, which you have not tried (Q4)
Please don’t hesitate to contact me if there is any question concerning what I am asking.
Below is the original text for Round III.
If there is something that you hoped to get out of the study, but feel that you did not
get, please let me know. I have tried to direct each round according to the responses I
received, but perhaps I may have additional information I did not include because of the
length of the summary.
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Round III Reminder 3
Is there anything I can do to make it easier for you to complete Round III? For instance,
would you prefer to engage in a half hour (recorded) phone call with me, rather than
writing down your answers? If there’s something else you can think of, please let me
know.
I already presented some of the preliminary results of this study at PyCon CZ in June,
and I’m really looking forward to completing it. I just need a handful more responses
from Round III, yours among them. In the end I hope to have a comprehensive guide
to the practices which are being used, or could be used, for episodic contributions in
free/libre and open source software.
Round III Delay Announcement
This is just a quick note to apologize for not delivering a collation of Round III yet. I am
still trying to get responses from all participants for Round III. Sadly, summer holidays
seem to be preventing responses, and I hope I will be able to obtain them by autumn.
Round III Reminder 4
I’m hoping to reach you now that the summer is ending. I’m still missing six responses
to the final round. This research is an important component of my PhD dissertation,
which I’m trying to finish this year. It’s also work that I believe will be useful to open
source communities; I was already invited to present preliminary results once and it was
well-received.
I need your help to bring things to a close! Can I persuade you to take just a few
minutes to tell me about what practices you think could be employed to manage episodic
volunteers? If you’d rather talk to me online I’m happy to give you a call.
This is the final round and after this I’ll only be contacting you in order to share with
you the identities of other participants who consented to be identified, and to deliver the
final report. (Unless, of course, you request a copy of the paper or any future research.)




Round III Reminder 5
I’m sorry to disturb you. However, I need to conclude the Delphi study in order to submit
my dissertation in December, and therefore I am asking if you would be so kind as to
respond to Round III. If I don’t hear from you in the next couple of weeks, I will not
contact you further.
I understand that the document from Round II is quite long. As a short response to
Round III, I would just ask you to confirm or reject the practices I have attributed to
you, which I believe you have either tried, or proposed but not used. This would be very
helpful for concluding the research.
[list of practices]
Round III Collation
Thank you so much for your patience while I collected the comments from Round III.
Also, thank you so much for participating through the entire project.
I have completed the collation of round III. Due to the size I’ve made it available for
download at: [temporary URL]
The focus of round III was to find out which practices were in use by at least three people
(such practices are marked ’confirmed solution’) and to fill in missing information in
descriptions, benefits, etc. However, there were also some new practices which arose in
round III. These were:
[list of practices]
If you have anything to add, especially to the new practices, or if you have experience
with using any of the new practices in the context of episodic volunteering, please let
me know before 27 October. After the 27th, I will prepare a revision of the round III
collation, and wrap up the study.
Once again, thank you for all the information you’ve given over the course of the study.
Study Conclusion I
As we are nearing the end of the Delphi study, I’m contacting you to allow you to confirm
or change your preference for how your responses will be acknowledged. According to my
notes, you would like to be referred to in any publication as ’[name]’. The community
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you participate in and your location will also be included, to demonstrate that the study
was diverse in these dimensions.
In addition to your preference for how you are named in publications, I would like to
know if you would like me to de-anonymize you to your fellow study participants after
the collation of Round III. If you choose yes, I will include your name and community,
along with the code which was used to identify you during the research, in a letter to all
participants.
Finally, I’d like to ask if you would like to receive notifications about the use of the
research material in talks or publications. Please note that it can often be a year or
more until academic papers are published, once the research is complete. If you like, I
can send you emails updating you on any publications and providing you with copies of
the papers. If you would rather not receive mails from me, you can still follow me on
ResearchGate (https://www.researchgate.net/profile/Ann_Barcomb) or check my
personal website for details (https://barcomb.org).
Study Conclusion II
T he Delphi study on episodic volunteering in free/libre/open source software communities
has come to an end. (There were no suggested changes to the Round III summary.) I’d
like to thank you so much for participating in this study and staying with it through to
the end. I hope that the output was of interest to you, and I will keep you informed (or
not, as requested!) of research outputs.
You may be interested in my paper which was recently accepted for publication which
concerns the state of episodic volunteering in FLOSS. Quite a bit has changed in just
the short while since that data was collected, and I think the Delphi study results will
provide a valuable update. The pre-print can be downloaded here: https://ieeexplore.
ieee.org/iel7/32/4359463/08477174.pdf
Below is a list of people who participated in the study until the end, and who agreed to
have their identity disclosed to other participants. Please keep this list confidential, as
some people did not want to be named in public. The purpose of this list is to help you
evaluate comments or practices in light of which communities were represented, or to
pursue particular points of interest with another participant.
[partial list of participants]




This appendix contains a description of all 16 concerns identified by community
managers about EV. Concerns are grouped by broad categories.
D.1 Knowledge Exchange
Concern: 1.C Episodic contributor lacks knowledge of developments during
absences
In a rapidly changing or large community, it can be difficult for participants to retain an
overview of key discussions and important decisions. It becomes an even greater challenge
when a person is not engaging with the community regularly, but is participating in spurts.
A person who understands only some of the community’s recent history will have difficulty
joining in discussions and sub-projects which rely on that knowledge.
Concern: 2.C Episodic contributor lacks awareness of opportunities to con-
tribute
Communicating opportunities to get involved in a way that reaches episodic contributors
is a concern for communities, especially when the people who are aware of tasks which
could be done episodically do not enjoy outreach activities.
Concern: 3.C Community lacks knowledge of availability of episodic contrib-
utors
In the context of event organization or other situations where it is essential to have a
volunteer available for a specific task at a particular time, organizers find it challenging to
not have a good understanding of which contributors will be available.
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Concern: 4.C Episodic contributor lacks understanding of project vision
Episodic contributors may not understand the overall project vision, and thus be more
likely to make proposals which don’t align with community goals, or to submit work which
either cannot be used or which requires extensive work from others to be aligned with the
community’s vision and project roadmap.
Concern: 5.C Episodic contributor and community have mismatched expec-
tations
When community members offer guidance to new participants, they often do so out
of the expectation that the newcomers will become habitual contributors. However, a
newcomer may not have this intention. Mismatched expectations about the commitment
of a newcomer and the amount of effort that person will put into the project can lead to
frustration and discouragement among habitual contributors involved in mentoring.
D.2 Suitability of Episodic Contributors for the Work
Concern: 6.C Episodic contributor quality of work is insufficient
Contributors who are less invested in the project and contribute in a ‘drive-by’ fashion
are often not interested in working to improve their contribution so that it can be readily
used. Often, this work falls on other people, or is not done at all.
Concern: 7.C Episodic contributor’s timeliness and completion of work is poor
Episodic contributors may have less investment in ensuring that their work is completed
in a timely manner, or is completed at all. This can be especially problematic if the work
is important and others are relying on it. In a situation such as an event, it may be
unavoidable to put responsibility on episodic participants.
MANAGING EPISODIC CONTRIBUTORS
279
Concern: 8.C Community’s cost of supervision exceeds benefit of episodic
contribution
Accepting work from new or episodic contributors is costly to the community. If the episodic
contributor is experienced at contributing although not familiar with the community, the
work will still need to be reviewed and possibly adapted before it can be used. If the
episodic contributor is inexperienced, s/he may require assistance in working through the
steps of making a contribution. It can be difficult for a community to absorb this cost
when the long-term contributors could simply do the work themselves, more efficiently.
D.3 Community Processes do not Support EV
Concern: 9.C Community cannot retain episodic contributors for sporadic
requirements
Some projects are not large enough to focus on many different tasks concurrently, and
therefore have phases, for instance a documentation-improvement phase or a specification-
development phase. In such an environment, the habitual contributor is the person who
has a wide range of skills. People who are very skilled, but in one area of expertise, are
difficult to retain as habitual contributors because of their narrow but deep skill-set. It
can also be difficult to keep them as episodic contributors because their skills are required
infrequently, at irregular intervals.
Concern: 10.C Community has difficulty identifying appropriate tasks for
episodic contributors
Community managers find it difficult to identify and maintain a list of suitable tasks.
It can be time-consuming to describe tasks so that they can be picked up by episodic
contributors.
Concern: 11.C Community lacks an episodic strategy
The community must first decide that it is worth developing an episodic strategy, and
once the decision is made, there is a lack of understanding about how to implement a
strategy for engaging episodic contributors. Often it is difficult for habitual contributors
to identify with the requirements of episodic participants.
Chapter 4
280
Concern: 12.C Community insufficiently supports episodic contributors
Contributors who require sponsorship to participate in events or initiatives can be hesitant
to do so when reimbursement is slow or disorganized. While someone who is deeply
engaged in the community and can also bear the temporary loan of money may not be
discouraged, contributors who have tighter finances and/or less emotional investment can
be unable or unwilling to temporarily bear the cost of participation.
D.4 Marginalization of Episodic Contributors
Concern: 13.C Community restricts episodic contributors from leadership
roles
In a situation where some participants are paid to contribute full-time, and other par-
ticipants are either volunteers or paid but only able to spend part of their time on the
project, there is a tendency for leadership roles and complicated tasks to be taken on by
the people who have more time to contribute. This can lead to the leadership not being
representative and the overall goal of the project being aligned with the requirements of
some participants or their employers.
Concern: 14.C Community excludes episodic contributors from discussions
and decisions
When discussions are held and decisions are made in an ad-hoc way, the perspective of
people who are habitually engaged is favored because they have a greater probability of
being present at the right moment. Episodic contributors, no matter how interested or
committed, are excluded simply because they need to plan their availability.
Concern: 15.C Community gives episodic contributors reduced access to op-
portunities and rewards
Communities are often inclined to give awards and training opportunities based on previous
participation. However, this model can fail to take into consideration the fact that a
person may be contributing episodically due to other constraints, such as studies, and
nonetheless feel extremely engaged. Contributors who feel that they are unappreciated
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because they aren’t given opportunities to hone their skills, find employment, or access
funding often become less enthusiastic, or drop out.
Concern: 16.C Community lacks appreciation for and recognition of episodic
contributors
Other contributors may not be able to distinguish between returning episodic contributors
and newcomers. A long-term returning episodic contributor can feel unappreciated when
treated as a newcomer, regardless of whether it is done with welcoming intent or with an
assumption that the episodic contributor’s input can be dismissed due to lack of expertise
about the project.
E Practices
This appendix lists all 65 practices which were identified in the study. Practices
are shown by category.
E.1 Community Governance
Practice G.1: Manage the delivery triangle
Context: In any project, you can adjust resources, scope, or schedule (the delivery
triangle). When a project relies on volunteers, resources (contributors) are limited and
cannot be adjusted.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 3.C Community lacks knowledge of availability of episodic contributors
Solution: Adjust scope (quality or features) or schedule when project releases cannot be
completed on schedule at the desired level of quality with the expected features.
Related practices:
• G.2 Use longer delivery cycles is a more specific practice.
• R.11 Announce milestones and celebrate meeting goals is a possible preceding step.
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Challenges: Changing the schedule can have a negative impact on stakeholders relying
on a posted schedule, on episodic contributors expecting a set cycle, and on habitual
contributors who feel pressured to complete the work; changing the scope is often a better
choice.
Used by: CM3, CM18, CM19
Practice G.2: Use longer delivery cycles
Context: A community wants to ensure that all stakeholders have an opportunity
to participate, but the community contains returning episodic contributors with time
constraints. This often occurs in projects with many company-sponsored developers who
work on various projects.
Concerns:
• 13.C Community restricts episodic contributors from leadership roles
Solution: Make release cycles longer in order to give episodic contributors the opportunity
to contribute without intense time pressure. People who have multiple responsibilities will
be able to participate in the project.
Related practices:
• G.1 Manage the delivery triangle is a more general practice.
• R.1 Publicize your release schedule is a complementary practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Challenges: It is possible that extending the length of the cycle will simply reduce
the priority of participation for some, and they will still not find the time to contribute.
Increasing the delivery cycle can diminish enthusiasm among regular contributors.
Used by: CM17, CM18
Practice G.3: Host in-person meetings
Context: The community is engaged in creative or organizing work, such as planning an
event, with a volunteer group containing episodic contributors. It is important to consider
multiple opinions and exchange information effectively.
Concerns:
• 6.C Episodic contributor quality of work is insufficient
Solution: Host in-person meetings for creative or organizational work involving multiple
volunteers. The frequency of meetings may vary by project: it could be yearly, quarterly,
monthly, or even more frequent. With in-person meetings, information can be exchanged
more efficiently. Synchronous communication allows for effective brainstorming and the
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development of ideas. Trust, friendship, and social capital are built in person. People are
inspired and enthused toward collective action.
Challenges: It is only possible to do this when all participants are in close physical
proximity. It can be difficult to arrange meeting space for a larger group. It may not be
financially feasible to host in-person meetings; in such circumstances, online events can be
an alternative. The optimal number of people for unstructured symmetric communication
is low: with more than 20 people, presentations, rather than discussion, are likely to
occur. This can be an ineffective method if people have erratic schedules. Documenting
offline meetings in a textual form requires additional effort compared to textual forms of
communication.
Used by: CM2, CM13, CM18, CM24
Practice G.4: Make decisions in public
Context: In a single-vendor community, decisions are made by the company, with business
interests which may differ from the community interests. Volunteers feel excluded from
decision-making.
Concerns:
• 14.C Community excludes episodic contributors from discussions and decisions
Solution: Ensure that decisions are made in a process which is both public and open to
suggestions from contributors. Even if the decision is ultimately made by an authoritative
body, the transparency of the process can make participants feel a part of it. Contributors
are more efficient when they understand the steps which led to decisions.
Related practices:
• G.10 Make your leadership diverse is a complementary practice.
• P.7 Hold open progress meetings is a complementary practice.
• R.10 Promote episodic contributors is a complementary practice.
Challenges: Documentation about the process must be maintained, as inaccurate infor-
mation can cause more problems than lack of information.
Used by: CM2, CM3, CM4, CM5, CM6, CM13, CM14, CM16, CM18, CM24
Practice G.5: Create a community definition of quality
Context: Episodic contributors do not necessarily know what level of quality is expected.
The community is large and mature enough that lack of a common perspective causes
problems, and contributors cannot be expected to tacitly acquire the knowledge.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
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• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 11.C Community lacks an episodic strategy
Solution: Create a community definition of quality so that episodic contributors will
know what quality is expected. It will become significantly easier to follow many of the
subsequent practices if quality is defined within the community.
Related practices:
• P.4 Document general working practices is a complementary practice.
• G.6 Craft a community vision is a possible preceding step.
• P.10 Keep communication channels active is a possible preceding step.
• P.13 Have a social media team is a possible preceding step.
• G.7 Define measuring and success is a possible succeeding step.
• P.5 Detail how to complete a task is a possible succeeding step.
• P.6 List current areas of activity is a possible succeeding step.
• W.5 Automate checking the quality of work is a possible succeeding step.
• W.6 Set expectations is a possible succeeding step.
• W.7 Reject contributions of insufficient quality is a possible succeeding step.
• W.8 Mentor to quality is a possible succeeding step.
Challenges: It can be difficult to retroactively apply a definition of quality to an existing
project, when not all participants are in agreement.
Used by: CM5, CM13, CM14, CM18, CM24
Proposed by: CM16, CM19
Practice G.6: Craft a community vision
Context: A young community, or a community drawn together from multiple other
communities, lacks a clear vision.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
• 11.C Community lacks an episodic strategy
Solution: Craft an inclusive community vision and a code of conduct. A clear vision
statement helps people determine if they want to participate in the community. A vision
which includes a Code of Conduct can help identify undesirable behaviors.
Related practices:
• G.10 Make your leadership diverse is a complementary practice.
• P.11 Send ambassadors to small events is a complementary practice.
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• R.4 Instill a sense of community is a complementary practice.
• G.5 Create a community definition of quality is a possible succeeding step.
• P.19 Educate sponsoring organizations is a possible succeeding step.
• W.1 Have a key contributor responsible is a possible succeeding step.
• W.11 Explain the context of the contribution is a possible succeeding step.
• W.12 Sever ties is a possible succeeding step.
• R.2 Encourage social connections is a possible succeeding step.
• R.11 Announce milestones and celebrate meeting goals is a possible succeeding step.
Challenges: It can take some time for a community vision to develop.
Used by: CM4, CM9, CM12, CM13, CM18
Proposed by: CM17, CM19
Practice G.7: Define measuring and success
Context: An initiative to increase engagement of episodic contributors is planned.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Define what successful engagement of episodic contributors looks like. Describe
how you will measure the impact. Defining the desired outcome makes it easier to get
buy-in from other participants, and will enable adjustments to the initiative.
Related practices:
• G.5 Create a community definition of quality is a possible preceding step.
• P.3 Crowdsource identifying appropriate tasks is a possible preceding step.
• P.10 Keep communication channels active is a possible succeeding step.
• R.11 Announce milestones and celebrate meeting goals is a possible succeeding step.
Challenges: The causal relationship between initiatives and outcomes will not always be
clear.
Used by: CM5, CM13, CM14
Proposed by: CM17, CM18
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Practice G.8: Centralize budgeting of sponsorships
Context: The community offers sponsorships and has a good understanding of the needs
of participants. People are often unable to participate without sponsorship, and are
unable to wait for reimbursement. Local organizers are also volunteers, with multiple
responsibilities.
Concerns:
• 12.C Community insufficiently supports episodic contributors
Solution: Centralize the processing of sponsorships and reimbursements so that all claims
will be processed in the same manner, and processing will be timely. The organization
will not have to seek out volunteers who can be trusted to perform the task in time.
Related practices:
• G.9 Use an external provider for sponsorships is a possible alternative step.
Challenges: Conversion charges, fees, and delays may occur in transferring funds between
countries. Centralized processing services may be unaware of local circumstances which may
modify the required compensation. Extra capital is required to manage the sponsorship
system.
Used by: CM8, CM13
Practice G.9: Use an external provider for sponsorships
Context: The community offers sponsorships and has a good understanding of the needs
of participants. People are often unable to participate without sponsorship, and are
unable to wait for reimbursement. Local organizers are also volunteers, with multiple
responsibilities.
Concerns:
• 12.C Community insufficiently supports episodic contributors
Solution: Hire an external service provider to serve as an intermediary in providing
sponsorships. Claims will not depend upon the availability of volunteers. Claims will
be processed with an understanding of local requirements. There will not be delays
due to difficulties related to transferring funds between countries. This can also benefit
recruitment, as local intermediaries advertise that they are involved in the project.
Related practices:
• G.8 Centralize budgeting of sponsorships is a possible alternative step.
Challenges: Using an intermediary costs additional money. Identifying an appropriate
intermediary in each area requires effort. Picking an external provider might cause friction






Practice G.10: Make your leadership diverse
Context: The project wants to encourage diversity and accessibility in the community.
Concerns:
• 5.C Episodic contributor and community have mismatched expectations
Solution: Try to have a diverse board or coordination group to review processes and
ensure that they are welcoming and accessible. Diversity and accessibility in the community
can be increased when leaders understand the issues from personal experience.
Related practices:
• G.4 Make decisions in public is a complementary practice.
• G.6 Craft a community vision is a complementary practice.
Used by: CM6, CM24
Practice G.11: Seek sponsorship
Context: The community relies on regular meetings and is not affiliated with any
companies.
Concerns:
• 9.C Community cannot retain episodic contributors for sporadic requirements
Solution: Look for a stable sponsor to ensure continuity of events. Funding allows
organizations to offer swag, snacks, and a location for meetings. Having an assured venue
allows episodic participants to return easily. People are more inclined to contribute to
mature communities because it improves their employment prospects.
Related practices:
• P.7 Hold open progress meetings is a possible succeeding step.
Used by: CM24
E.2 Community Preparation
Practice P.1: Identify appropriate tasks
Context: There are components of the project which could be divided into small tasks.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 5.C Episodic contributor and community have mismatched expectations
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
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• 11.C Community lacks an episodic strategy
Solution: Episodic participants can more easily join if tasks are available. Identify the
types of tasks which are suited for episodic contributors. These will probably be short-term
and require little knowledge of the project.
Related practices:
• P.2 Define one-off tasks is a more specific practice.
• P.3 Crowdsource identifying appropriate tasks is a more specific practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
complementary practice.
• W.1 Have a key contributor responsible is a complementary practice.
• P.6 List current areas of activity is a possible preceding step.
• P.3 Crowdsource identifying appropriate tasks is a possible succeeding step.
• P.10 Keep communication channels active is a possible succeeding step.
• P.13 Have a social media team is a possible succeeding step.
• O.4 Give a choice of tasks is a possible succeeding step.
• R.12 Listen to suggestions is a possible succeeding step.
Challenges: It requires time and effort to identify appropriate tasks. People may only
be able to identify tasks within their own area of expertise.
Used by: CM3, CM5, CM6, CM7, CM10, CM13, CM14, CM18, CM19
Proposed by: CM17
Practice P.2: Define one-off tasks
Context: People have shown interest in the initiative, but appear unwilling to commit to
ongoing participation. Work can be divided into discrete tasks.
Concerns:
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Create stand-alone, one-off tasks. You will discover quickly if participants do
not complete their tasks. If people can participate without long-term obligation, more
people might try it. If people participate successfully, they may choose to participate
again.
Related practices:
• P.1 Identify appropriate tasks is a more general practice.
• P.5 Detail how to complete a task is a more general practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
complementary practice.
• O.3 Guide people to junior jobs is a possible succeeding step.
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Challenges: More time will be spent managing to the initiative.
Used by: CM5, CM14, CM19, CM24
Practice P.3: Crowdsource identifying appropriate tasks
Context: There are components of the project which could be divided into small tasks,
but identifying and preparing the tasks would be time-consuming.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: A group of people can more effectively identify outstanding issues than a single
person. Engage experienced contributors in a short-term initiative to identify outstanding
issues which could be handled by episodic contributors. Encourage them to continue to
identify new tasks, once the backlog has been addressed.
Related practices:
• P.1 Identify appropriate tasks is a more general practice.
• P.6 List current areas of activity is a more general practice.
• P.1 Identify appropriate tasks is a possible preceding step.
• G.7 Define measuring and success is a possible succeeding step.
Challenges: Maintaining the list of appropriate tasks requires convincing contributors of
the benefits of engaging episodic participants.
Used by: CM5, CM18
Practice P.4: Document general working practices
Context: Repeated processes are not well documented. Newcomers and episodic partici-
pants cannot be expected to be familiar with implicit processes.
Concerns:
• 1.C Episodic contributor lacks knowledge of developments during absences
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 5.C Episodic contributor and community have mismatched expectations
• 6.C Episodic contributor quality of work is insufficient
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Document the community’s working practices, placing particular emphasis on
those areas which are most likely to be relevant to new and episodic contributors, and
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where contributions will be most appreciated. Episodic contributors and newcomers can
more easily become familiar with the community and consistency of the contribution
experience is increased.
Related practices:
• W.13 Automate process assistance is a more specific practice.
• G.5 Create a community definition of quality is a complementary practice.
• P.5 Detail how to complete a task is a complementary practice.
• P.18 Write modular software is a complementary practice.
• P.20 Offer a consistent development environment is a complementary practice.
• R.12 Listen to suggestions is a complementary practice.
• P.10 Keep communication channels active is a possible preceding step.
• P.13 Have a social media team is a possible preceding step.
• P.5 Detail how to complete a task is a possible succeeding step.
• W.9 Require documentation as part of the submission is a possible succeeding step.
Challenges: Processes which are written down do not always match actual practice, and
must be revised to be kept up-to-date. It can be time-consuming to document practices.
Used by: CM2, CM3, CM4, CM5, CM7, CM10, CM13, CM14, CM16, CM18, CM19, CM24
Proposed by: CM1, CM6, CM11
Practice P.5: Detail how to complete a task
Context: Tasks are repeatable and well-understood, or have repeatable and well-
understood components. Episodic contributors are not equipped to understand the
skills required to complete a task, the length of time a task will take, or the steps to
completing a task.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
• 5.C Episodic contributor and community have mismatched expectations
• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Do not just summarize tasks, but detail the steps that need to be taken, and
consider providing a time estimate for the task. If a task is repeatable, documenting it
helps ensure consistent results. Participants who have a good experience and realistic
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expectations are more likely to return.
Related practices:
• P.2 Define one-off tasks is a more specific practice.
• P.4 Document general working practices is a complementary practice.
• P.6 List current areas of activity is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
• P.4 Document general working practices is a possible preceding step.
Challenges: It can take significant time to describe tasks well, and people may find it
easier to do the tasks themselves than to explain how to do tasks. It is very difficult to
provide an accurate time assessment, especially when an experienced person is evaluating
the time a non-experienced contributor needs.
Used by: CM2, CM3, CM4, CM7, CM10, CM13, CM14, CM18, CM24
Proposed by: CM6, CM16, CM17, CM19
Practice P.6: List current areas of activity
Context: There are areas where episodic contributors could participate, and the work
can be described as a series of discrete tasks. Episodic contributors do not know what
tasks may be suitable and available. Often, the community is larger.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Prioritize tasks and tag them as entry level where appropriate. Group similar
tasks together. Episodic contributors can more readily find appropriate tasks.
Related practices:
• P.3 Crowdsource identifying appropriate tasks is a more specific practice.
• P.7 Hold open progress meetings is a possible alternative step.
• P.8 Create working groups with a narrow focus is a possible alternative step.
• P.5 Detail how to complete a task is a complementary practice.
• P.14 Set expiration dates is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
• R.12 Listen to suggestions is a possible preceding step.
• P.1 Identify appropriate tasks is a possible succeeding step.
• P.13 Have a social media team is a possible succeeding step.
• O.5 Manage task assignments with an application is a possible succeeding step.
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Challenges: It can be time-consuming to maintain an up-to-date task list.
Used by: CM5, CM13, CM16, CM18, CM24
Proposed by: CM2, CM3, CM4, CM14, CM19
Practice P.7: Hold open progress meetings
Context: The community is small and there are areas where episodic contributors could
participate, but episodic contributors do not know the current status of development.
Concerns:
• 1.C Episodic contributor lacks knowledge of developments during absences
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 14.C Community excludes episodic contributors from discussions and decisions
Solution: Hold regular open meetings where previous work is summarized, and new tasks
are assigned. People can attend meetings when they want to get caught up quickly on the
current status, and do not need to participate every time.
Related practices:
• P.6 List current areas of activity is a possible alternative step.
• P.9 Create written records of activity is a possible alternative step.
• O.5 Manage task assignments with an application is a possible alternative step.
• G.4 Make decisions in public is a complementary practice.
• G.11 Seek sponsorship is a possible preceding step.
Challenges: Once a community becomes larger, it is not possible to efficiently cover all
topics in one meeting. Arranging regular meetings can be difficult, as people may have
other priorities.
Used by: CM3, CM4, CM13, CM16, CM18
Practice P.8: Create working groups with a narrow focus
Context: The project is too complex for participants to easily comprehend it in its
entirety. It is not possible to readily identify stand-alone tasks in the project.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Create specialized working groups that people can identify with. With a narrow




• P.6 List current areas of activity is a possible alternative step.
• P.18 Write modular software is a possible alternative step.
• P.18 Write modular software is a complementary practice.
• P.18 Write modular software is a possible preceding step.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Challenges: Contributions within the working groups will need to be reported back
outside of the group.
Used by: CM2, CM3, CM4, CM5, CM6, CM16
Practice P.9: Create written records of activity
Context: It is a large community, with many activities taking place at a rapid rate.
Episodic contributors do not know the current status of development, but there are areas
where episodic contributors could participate.
Concerns:
• 1.C Episodic contributor lacks knowledge of developments during absences
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 14.C Community excludes episodic contributors from discussions and decisions
Solution: Maintain a summary, for instance in the form of a newsletter, which describes
the key discussions and resolutions which took place during a given period. Alternately,
rely on written communications (mailing lists, chats) or provide meeting minutes. Episodic
contributors will find it easier to return to the project, and summaries can serve as a
reference for the entire community.
Related practices:
• P.7 Hold open progress meetings is a possible alternative step.
Challenges: It is time-consuming to create summaries.
Used by: CM15, CM24
Practice P.10: Keep communication channels active
Context: People seeking to participate require interaction to ask questions or make their
contributions.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
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• 5.C Episodic contributor and community have mismatched expectations
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Ensure that communication channels both online and offline are monitored, and
that queries are directed to appropriate people. Make sure that people receive responses.
Active communication channels allow people to be aware of opportunities to participate.
Related practices:
• P.11 Send ambassadors to small events is a more specific practice.
• P.12 Respond to all submissions is a more specific practice.
• P.13 Have a social media team is a complementary practice.
• G.7 Define measuring and success is a possible preceding step.
• P.1 Identify appropriate tasks is a possible preceding step.
• W.1 Have a key contributor responsible is a possible preceding step.
• G.5 Create a community definition of quality is a possible succeeding step.
• P.4 Document general working practices is a possible succeeding step.
• R.7 Recognize everyone is a possible succeeding step.
Challenges: If there are too many communication channels a message might be sent
to the wrong channel or ignored. If multiple people are managing the communication
channels, care should be taken that different channels don’t send contradictory messages.
Someone must be responsible for maintaining each communication channel, and following
up on redirected queries. If there are already few volunteers, this may require too much
time and effort.
Used by: CM3, CM4, CM5, CM7, CM13, CM14, CM18, CM19, CM24
Proposed by: CM6, CM8, CM17
Practice P.11: Send ambassadors to small events
Context: This practice can be applied when the community wishes to become better
known in the region.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Send ambassadors to attend smaller events, to enable personal interactions with
potential participants. Sending episodic contributors to small events with a sponsorship
can also be a form of reward.
Related practices:
• P.10 Keep communication channels active is a more general practice.
• R.2 Encourage social connections is a more general practice.
• R.6 Reward participation is a more general practice.
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• G.6 Craft a community vision is a complementary practice.
• P.17 Provide templates for presentations is a complementary practice.
• W.1 Have a key contributor responsible is a possible succeeding step.
• R.2 Encourage social connections is a possible succeeding step.
Challenges: It is important to pick relevant events. Large projects might be expected to
provide swag for attendees, which could increase costs.
Used by: CM2, CM5, CM9, CM13, CM18, CM19, CM24
Proposed by: CM8
Practice P.12: Respond to all submissions
Context: One-off contributions are common, but contributions do not always contain
sufficient information to allow them to be incorporated or maintained without involvement
from their authors.
Concerns:
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Respond to every submission in a timely manner. This makes it more likely
that the contributor is still available, while other contributors make sure they understand
the submission. This way, the people who could end up maintaining the submission will
be able to do so.
Related practices:
• P.10 Keep communication channels active is a more general practice.
• W.1 Have a key contributor responsible is a more general practice.
• O.6 Explain the need for maintenance is a complementary practice.
• W.9 Require documentation as part of the submission is a complementary practice.
Used by: CM3, CM4, CM10, CM13, CM24
Practice P.13: Have a social media team
Context: Core developers often do not enjoy engaging in social media. The community
wants to maintain active communication channels.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 11.C Community lacks an episodic strategy
Solution: Recruit people who enjoy social media specifically for the task of communicating
with potential and episodic contributors. If the work is done by people who enjoy it, it
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will probably be done more effectively. The team can include episodic contributors.
Related practices:
• P.10 Keep communication channels active is a complementary practice.
• P.1 Identify appropriate tasks is a possible preceding step.
• P.6 List current areas of activity is a possible preceding step.
• W.1 Have a key contributor responsible is a possible preceding step.
• G.5 Create a community definition of quality is a possible succeeding step.
• P.4 Document general working practices is a possible succeeding step.
• R.11 Announce milestones and celebrate meeting goals is a possible succeeding step.
Challenges: If the social media team is supplying information on areas outside of their
expertise, they may still need to consult core contributors. If multiple people are managing
the communication channels, care should be taken that different channels don’t send
contradictory messages.
Used by: CM3, CM5, CM13, CM18, CM24
Proposed by: CM6, CM11
Practice P.14: Set expiration dates
Context: An initiative which is expected to draw in new episodic contributors is planned.
Concerns:
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Set distinct deadlines for initiatives. Setting an end date for the initiative gives
structure to the process and discourages procrastination.
Related practices:
• P.15 Create continual points of entry is a possible alternative step.
• P.6 List current areas of activity is a complementary practice.
• R.14 Rotate focus areas on schedule is a complementary practice.
Challenges: People who cannot participate during the time the initiative is scheduled
cannot participate at all.
Used by: CM13, CM14, CM18, CM19
Practice P.15: Create continual points of entry




• 11.C Community lacks an episodic strategy
Solution: Create ongoing ways for people to join the project and contribute, rather than
providing only specific times or times in the process when people can join. This allows
people to participate whenever they have the opportunity.
Related practices:
• P.14 Set expiration dates is a possible alternative step.
Challenges: This approach will not discourage procrastination.
Used by: CM13, CM19
Proposed by: CM17
Practice P.16: Share success stories
Context: The community wants to communicate to its members and potential members
the positive effects of participation.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
Solution: Share stories about outstanding or long-serving community members and
the challenges they faced and benefits they received. Including stories about episodic
contributors may make participation seem less overwhelming.
Related practices:
• W.10 Encourage learners to mentor is a complementary practice.
Used by: CM13, CM14, CM19, CM24
Practice P.17: Provide templates for presentations
Context: Your community wants to encourage more of your contributors to speak at
events about your project.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Create one or more standard slide decks which your contributors can use with
or without modification. Contributors may be more likely to present if they do not have
to create the material themselves.
Related practices:
• P.11 Send ambassadors to small events is a complementary practice.
Used by: CM10, CM18
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Practice P.18: Write modular software
Context: This practice concerns software development only.
Concerns:
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Ensure that software is modular. Episodic contributors can work on smaller
areas without understanding the bigger picture.
Related practices:
• P.8 Create working groups with a narrow focus is a possible alternative step.
• P.4 Document general working practices is a complementary practice.
• P.8 Create working groups with a narrow focus is a complementary practice.
• P.8 Create working groups with a narrow focus is a possible succeeding step.
Challenges: If the software has not been designed to be modular, significant effort will
be required to revise it.
Used by: CM5, CM6, CM14, CM16, CM18
Practice P.19: Educate sponsoring organizations
Context: In a community where the majority of participants are paid employees, yet
contributions are often inappropriate or of insufficient quality.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 11.C Community lacks an episodic strategy
Solution: Educate sponsoring organizations about participation in open source projects,
including topics such as the necessity of maintenance and the open model of production.
Problematic contributions which stem from inadequate knowledge should diminish.
Related practices:
• W.11 Explain the context of the contribution is a possible alternative step.
• G.6 Craft a community vision is a possible preceding step.
Challenges: It can be difficult to educate a company, if the problem does not lie with
individual contributors.




Practice P.20: Offer a consistent development environment
Context: Episodic and new contributors are unlikely to be familiar with any project-
specific development processes, and may lack familiarity with some of the tools used,
leading to pull-requests which do not conform to expectations. This arises most often
with software development, but may also apply to other areas where tooling is used, such
as translation.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 6.C Episodic contributor quality of work is insufficient
Solution: Document the workflow, architecture of the module, and use a container to
build your project in order to allow people to easily build a local system. Decide upon
one recommended way to set up a development environment and focus on this in the
documentation. More complicated needs can be addressed elsewhere.
Related practices:
• W.8 Mentor to quality is a possible succeeding step.
Used by: CM14
Proposed by: CM4, CM11
E.3 Onboarding Contributors
Practice O.1: Learn about the experience, preferences, and time constraints
of participants
Context: New and episodic contributors have different intentions and expectations about
their participation. Mentors are frustrated by investing time and energy in people who
don’t intend to become habitual contributors.
Concerns:
• 5.C Episodic contributor and community have mismatched expectations
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Most people have a good understanding of their own situation and can commu-
nicate their interests and skills. Frustration among mentors is reduced when the intentions
of participants are known up-front. Ask new and infrequent contributors about their
expectations, availability, preferences and experience. Do not reproach them for their
answers. Guide them toward identifying suitable work.
Related practices:
• O.2 Screen potential contributors is a more specific practice.
• O.3 Guide people to junior jobs is a possible alternative step.
Chapter 4
300
• G.2 Use longer delivery cycles is a complementary practice.
• P.1 Identify appropriate tasks is a complementary practice.
• P.2 Define one-off tasks is a possible succeeding step.
• P.8 Create working groups with a narrow focus is a possible succeeding step.
• O.4 Give a choice of tasks is a possible succeeding step.
• W.10 Encourage learners to mentor is a possible succeeding step.
• R.14 Rotate focus areas on schedule is a possible succeeding step.
Challenges: Engaging people early on to determine their intentions takes time.
Used by: CM3, CM6, CM13
Proposed by: CM8, CM16, CM17, CM19
Practice O.2: Screen potential contributors
Context: In order for a contributor to properly perform a role, a certain minimum
commitment is required. The project has repeated problems with people insufficiently
committing to roles.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
• 4.C Episodic contributor lacks understanding of project vision
• 5.C Episodic contributor and community have mismatched expectations
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Screen potential contributors to determine if they are a good match for the
role. This may include having availability at the appropriate time, or being able to commit
to a certain amount of time. It is less likely that the commitment will not be met.
Related practices:
• O.1 Learn about the experience, preferences, and time constraints of participants is a
more general practice.
Challenges: Some people will be prevented from pursuing the role, but if there are other
forms of contribution it does not prevent them from participating altogether. Assessing
potential contributors requires effort.
Used by: CM3, CM8, CM10, CM13, CM14
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Practice O.3: Guide people to junior jobs
Context: People have difficulty articulating their preferences and experience when it
comes to choosing a task.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Guide people to junior jobs when they do not know where to start.
Related practices:
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible alternative step.
• P.2 Define one-off tasks is a possible preceding step.
Used by: CM10, CM13, CM14, CM20
Practice O.4: Give a choice of tasks
Context: Tasks are largely assigned to participants in an initiative, rather than being
self-selected.
Concerns:
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Give participants a choice of the task, from a small number offered to them.
People are able to select a task which they have the most affinity for.
Related practices:
• W.3 Give permission to quit a task is a complementary practice.
• P.1 Identify appropriate tasks is a possible preceding step.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Challenges: Some tasks will not be selected but will still need to be completed.
Used by: CM10, CM13, CM14, CM19
Practice O.5: Manage task assignments with an application
Context: The group is large enough, or spread out enough, that task assignment cannot
be discussed between all participants, but tasks need to be assigned to specific people.
Concerns:
• 1.C Episodic contributor lacks knowledge of developments during absences
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 6.C Episodic contributor quality of work is insufficient
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• 11.C Community lacks an episodic strategy
Solution: Use an application, such as a wiki or bug tracking system, to handle the
assignment process. This prevents work duplication and allows self-assignment.
Related practices:
• P.7 Hold open progress meetings is a possible alternative step.
• P.6 List current areas of activity is a possible preceding step.
Challenges: If you do not already have a system for allocating tasks (especially non-
coding tasks), implementation may require some work. Current participants may not be
willing to switch to a new way of working.
Used by: CM3, CM6, CM13
Proposed by: CM22, CM24
Practice O.6: Explain the need for maintenance
Context: Submissions usually require maintenance for a period of time after they are
incorporated, but contributors prefer drive-by contributions. This approach is most effective
where the contributors have an ongoing link with the community which discourages them
from dumping their contributions, such as being paid by a company to make occasional
contributions.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Educate contributors about what happens to a contribution after it is included
in the project. Explain the benefits to the project if they remain available to maintain
their contribution. If people understand the effect of not remaining available to maintain
a contribution, they may consider remaining.
Related practices:
• P.12 Respond to all submissions is a complementary practice.
• W.9 Require documentation as part of the submission is a complementary practice.
• W.11 Explain the context of the contribution is a complementary practice.
Challenges: People may not be willing to remain, and cannot be made to remain.




Practice O.7: Offer guided introductory events
Context: People may be lack the confidence to make code contributions on their own,
but are nonetheless interested in participating.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 5.C Episodic contributor and community have mismatched expectations
Solution: At events, offer walk-through tutorials on getting started as a contributor,
culminating in a hackathon working on a specific beginner problem. Guided introductory
events often attract one-off contributors, but can also encourage some returning episodic
contributors.
Used by: CM19
E.4 Working with Contributors
Practice W.1: Have a key contributor responsible
Context: This practice is relevant when managing ongoing or temporary projects where
episodic contributors are participating.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 11.C Community lacks an episodic strategy
• 16.C Community lacks appreciation for and recognition of episodic contributors
Solution: For every important project, make sure that one key contributor is responsible
for managing it and responding to inquiries. There is less chance that important tasks
will slip through the cracks.
Related practices:
• P.12 Respond to all submissions is a more specific practice.
• W.2 Issue reminders is a more specific practice.
• W.3 Give permission to quit a task is a more specific practice.
• P.1 Identify appropriate tasks is a complementary practice.
• W.4 Encourage people to quit is a complementary practice.
• W.10 Encourage learners to mentor is a complementary practice.
• G.6 Craft a community vision is a possible preceding step.
• P.11 Send ambassadors to small events is a possible preceding step.
• P.10 Keep communication channels active is a possible succeeding step.
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• P.13 Have a social media team is a possible succeeding step.
Challenges: If a single person is responsible, it is a potential point of failure if they are
unavailable when they are needed
Used by: CM2, CM3, CM5, CM9, CM13, CM14, CM24
Proposed by: CM6
Practice W.2: Issue reminders
Context: This practice applies to a time-sensitive project, such as event organization.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Send a reminder as the deadline approaches. Be persistent in following up on
deliverables. Reminding people increases the chance of the task being completed.
Related practices:
• W.1 Have a key contributor responsible is a more general practice.
Challenges: It can be time-consuming to keep track of participants and the status of
their tasks. Reminding people will not always result in the task being done.
Used by: CM8, CM13, CM14, CM18, CM19, CM24
Practice W.3: Give permission to quit a task
Context: This practice concerns supervising episodic contributors for an ongoing initia-
tive.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Give people permission to skip on period or task, without recrimination. People
may be more inclined to continue, if they have an out from a stressful situation. Planning
can also be improved if people feel they can honestly express their true availability.
Related practices:
• W.1 Have a key contributor responsible is a more general practice.
• W.4 Encourage people to quit is a possible alternative step.
• O.4 Give a choice of tasks is a complementary practice.
• W.6 Set expectations is a complementary practice.
MANAGING EPISODIC CONTRIBUTORS
305
Challenges: Some people will feel guilty anyway, and drop out.
Used by: CM6, CM19, CM24
Practice W.4: Encourage people to quit
Context: A contributor accepts responsibilities which others depend upon. The contrib-
utor’s participation subsequently becomes episodic and non-responsive.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: People who no longer wish to fulfill a role or complete tasks should be encouraged
to step down. This allows tasks to be reassigned appropriately, and for the initiative to be
organized according to actual availability.
Related practices:
• W.1 Have a key contributor responsible is a more general practice.
• W.3 Give permission to quit a task is a possible alternative step.
• W.9 Require documentation as part of the submission is a possible preceding step.
Used by: CM16, CM19
Proposed by: CM8
Practice W.5: Automate checking the quality of work
Context: This practice is specific to software development. It is necessary to check
the quality of code submissions, and the work is too time-consuming to effectively do it
manually. Usually this problem occurs in larger communities.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 6.C Episodic contributor quality of work is insufficient
• 8.C Community’s cost of supervision exceeds benefit of episodic contribution
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Utilize advances in continuous integration/continuous delivery to automate
routine evaluation. Reviewers are free to focus on strategic reviews. A minimal level of
quality will always be maintained, and participants may be less likely to take offense when




• W.6 Set expectations is a complementary practice.
• W.7 Reject contributions of insufficient quality is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
Challenges: There is a lack of guidance on how to easily set up and apply these processes
to open source projects.
Used by: CM2, CM5, CM7, CM16, CM18
Proposed by: CM4, CM19
Practice W.6: Set expectations
Context: People frequently are lax in completing tasks, and in communicating their
progress.
Concerns:
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Set expectations for deliverables and communication, even if these are minimal.
Setting expectations allows people to either meet expectations or quit.
Related practices:
• W.7 Reject contributions of insufficient quality is a more specific practice.
• W.3 Give permission to quit a task is a complementary practice.
• W.5 Automate checking the quality of work is a complementary practice.
• W.8 Mentor to quality is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
Used by: CM13, CM18, CM24
Practice W.7: Reject contributions of insufficient quality
Context: People or companies make inappropriate contributions, or contributions which
do not meet the community’s quality requirements.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
Solution: Decline contributions which are inappropriate or not of sufficient quality. The
project will be of higher quality.
Related practices:
• W.6 Set expectations is a more general practice.
• W.5 Automate checking the quality of work is a complementary practice.
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• W.8 Mentor to quality is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
• W.9 Require documentation as part of the submission is a possible preceding step.
Challenges: Some people will be discouraged from participating.
Used by: CM3, CM5, CM10, CM18, CM24
Practice W.8: Mentor to quality
Context: Submissions are routinely of insufficient quality.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 5.C Episodic contributor and community have mismatched expectations
• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 11.C Community lacks an episodic strategy
Solution: Provide mentoring when contributions are rejected due to insufficient quality.
This might include access to tools to help people meet quality requirements. Ensure
that contributors can always reach out to mentors to get up to speed. In the long term,
teaching people to make quality contributions will result in more quality contributions.
Contributors’ personal goals of learning and improving are more likely to be met. People
who are satisfied may contribute more.
Related practices:
• R.13 Incorporate unofficial successes is a possible alternative step.
• W.6 Set expectations is a complementary practice.
• W.7 Reject contributions of insufficient quality is a complementary practice.
• W.10 Encourage learners to mentor is a complementary practice.
• G.5 Create a community definition of quality is a possible preceding step.
• P.20 Offer a consistent development environment is a possible preceding step.
• W.12 Sever ties is a possible succeeding step.
Challenges: In the short term, mentoring will cost more time. A cost/benefit analysis
may be beneficial.




Practice W.9: Require documentation as part of the submission
Context: Submissions usually require maintenance for a period of time after they are
incorporated.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 6.C Episodic contributor quality of work is insufficient
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Require people to sufficiently document their submissions before they are
accepted. The submission can be more easily understood and maintained by others.
Related practices:
• P.12 Respond to all submissions is a complementary practice.
• O.6 Explain the need for maintenance is a complementary practice.
• P.4 Document general working practices is a possible preceding step.
• R.12 Listen to suggestions is a possible preceding step.
• W.4 Encourage people to quit is a possible succeeding step.
• W.7 Reject contributions of insufficient quality is a possible succeeding step.
Used by: CM14, CM17
Proposed by: CM19, CM24
Practice W.10: Encourage learners to mentor
Context: Highly active contributors have limited time to mentor episodic contributors.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 4.C Episodic contributor lacks understanding of project vision
• 8.C Community’s cost of supervision exceeds benefit of episodic contribution
• 11.C Community lacks an episodic strategy
Solution: Engage episodic contributors in leading other episodic contributors. Let them
review episodic contributions and mentor episodic contributors. Episodic contributors are
likely to understand the concerns and limitations of other episodic contributors. Using
returning episodic contributors to lead episodic contributors lets core contributors focus
on other areas, and recognizes the competency of returning episodic contributors.
Related practices:
• P.16 Share success stories is a complementary practice.
• W.1 Have a key contributor responsible is a complementary practice.
• W.8 Mentor to quality is a complementary practice.
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• R.2 Encourage social connections is a complementary practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Used by: CM2, CM5, CM12, CM13
Proposed by: CM11, CM16
Practice W.11: Explain the context of the contribution
Context: Tasks are recommended to participants.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
Solution: Explain how a particular task fits within the larger project goals. People can
understand the purpose of their work better.
Related practices:
• P.19 Educate sponsoring organizations is a possible alternative step.
• O.6 Explain the need for maintenance is a complementary practice.
• G.6 Craft a community vision is a possible preceding step.
Challenges: Understanding the larger context requires time that not all episodic contrib-
utors are able or willing to give. Not everyone will acquire a broader understanding.
Used by: CM2, CM12, CM13
Proposed by: CM19
Practice W.12: Sever ties
Context: A person’s behavior has a severe negative impact on the group.
Concerns:
• 7.C Episodic contributor’s timeliness and completion of work is poor
Solution: Publicly sever the group’s connection to the individual and explain the reasoning.
When a toxic person is removed, other people will have more faith in the community.
Related practices:
• G.6 Craft a community vision is a possible preceding step.
• W.8 Mentor to quality is a possible preceding step.
Challenges: If the decision appears capricious or political, it can damage opinion of the
community. This is a serious measure and should not be undertaken lightly.
Used by: CM3, CM9, CM24
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Practice W.13: Automate process assistance
Context: Documentation of processes has lead to an unwieldy document that focuses
on nuances instead of getting started. People cannot or do not read the documentation.
This practice is more applicable to a larger community, as the effort of implementing the
solution may not be justified in a small community with fewer contributors.
Concerns:
• 1.C Episodic contributor lacks knowledge of developments during absences
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 6.C Episodic contributor quality of work is insufficient
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 11.C Community lacks an episodic strategy
Solution: Consider automation to help people work through the early processes, such as
a chat bot or step-by-step interactive site.
Related practices:
• P.4 Document general working practices is a more general practice.
Challenges: Interactions with automation does not foster personal relationships.
Used by: CM7
E.5 Contributor Retention
Practice R.1: Publicize your release schedule
Context: Releases have a hard deadline. Returning episodic contributors are involved in
the project.
Concerns:
• 3.C Community lacks knowledge of availability of episodic contributors
Solution: Publish your development and release schedule and notify contributors of
upcoming milestones, to allow them to plan their engagement. Participants may have the
option to align their own availability with the schedule.
Related practices:
• G.2 Use longer delivery cycles is a complementary practice.





Practice R.2: Encourage social connections
Context: This practice is in the context of an ongoing initiative with a series of tasks.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 7.C Episodic contributor’s timeliness and completion of work is poor
• 9.C Community cannot retain episodic contributors for sporadic requirements
Solution: Encourage people to work together in a small group to accomplish a task. This
might also include groups within a company, who can use a joint contribution to a project
as an opportunity for sharing, learning, and mentoring. People can help encourage one
another to complete the work. If people feel they belong, they might return even if they
are not currently needed.
Related practices:
• P.11 Send ambassadors to small events is a more specific practice.
• R.3 Follow up on contributors is a more specific practice.
• W.10 Encourage learners to mentor is a complementary practice.
• R.4 Instill a sense of community is a complementary practice.
• G.6 Craft a community vision is a possible preceding step.
• P.11 Send ambassadors to small events is a possible preceding step.
Challenges: Not everyone likes to engage with others; some may prefer working alone
Used by: CM3, CM5, CM13, CM19, CM24
Proposed by: CM9
Practice R.3: Follow up on contributors
Context: There is an initiative where ongoing participation is desired, but episodic
contributors are not returning.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Keep in touch with contributors, even if just by sending an email. People will
appreciate the personal touch and be more likely to return.
Related practices:




Practice R.4: Instill a sense of community
Context: Ongoing participation is desired, but one-off contributions are common.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
Solution: Help people to understand the cooperative values that underlie free and open
source software. This is best done by leading through example. People with a stronger
sense of community are more likely to return to the community.
Related practices:
• G.6 Craft a community vision is a complementary practice.
• R.2 Encourage social connections is a complementary practice.
• R.7 Recognize everyone is a complementary practice.




Practice R.5: Acknowledge all contributions
Context: Returning episodic contributors are confused with new contributors, leading to
hurt feelings.
Concerns:
• 16.C Community lacks appreciation for and recognition of episodic contributors
Solution: Have someone responsible for recognizing returning episodic contributors. This
person could thank episodic contributors for returning, or, alternately explicitly welcome
new contributors. Episodic contributors will be aware that their previous contributions
were recognized.
Related practices:
• R.6 Reward participation is a more specific practice.
• R.7 Recognize everyone is a more specific practice.
Challenges: There needs to be sufficient tooling to track returning episodic contributors




Practice R.6: Reward participation
Context: Extra people are needed for a one-off situation, such as running an event.
People participate for self-benefit.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 3.C Community lacks knowledge of availability of episodic contributors
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
Solution: Offer a tangible reward for participation, such as an organizer’s dinner or swag.
Alternatively, offer recommendation letters, certificates, or online recommendations. More
people will be motivated to participate.
Related practices:
• R.5 Acknowledge all contributions is a more general practice.
• P.11 Send ambassadors to small events is a more specific practice.
• R.8 Praise publicly is a more specific practice.
• R.7 Recognize everyone is a possible preceding step.
Challenges: People who are motivated by these incentives may require some supervision
to perform work at sufficient quality.
Used by: CM5, CM13, CM14, CM23, CM24
Practice R.7: Recognize everyone
Context: This practice pertains to returning contributors. It is most applicable to
non-code contributions.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
• 10.C Community has difficulty identifying appropriate tasks for episodic contributors
• 16.C Community lacks appreciation for and recognition of episodic contributors
Solution: Make use of systems such as badges to recognize the variety of different
contributions people can make. At the conclusion of a cycle, thank and identify contributors.
People who make non-code contributions will feel recognized for their work.
Related practices:
• R.5 Acknowledge all contributions is a more general practice.
• R.8 Praise publicly is a more specific practice.
• R.4 Instill a sense of community is a complementary practice.
• P.10 Keep communication channels active is a possible preceding step.
• R.6 Reward participation is a possible succeeding step.
Challenges: Automating this requires tooling. It is not always easy to generate effective
statistics from existing badge systems. If the fairness of the system is not monitored,
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cheating can occur, which is demotivating.
Used by: CM2, CM5, CM8, CM10, CM12, CM13, CM14, CM16, CM18, CM24
Proposed by: CM4
Practice R.8: Praise publicly
Context: This is most effective in a situation where there is repeat engagement.
Concerns:
• 6.C Episodic contributor quality of work is insufficient
Solution: Praise volunteers publicly. People will appreciate the recognition. People will
feel more obligation to perform well.
Related practices:
• R.6 Reward participation is a more general practice.
• R.7 Recognize everyone is a more general practice.
Used by: CM3, CM5, CM13, CM18, CM24
Practice R.9: Provide evaluations and a promotion path
Context: Episodic contributors are unable to develop as contributors. There is sustained
episodic participation, and absences do not affect the completion of duties.
Concerns:
• 15.C Community gives episodic contributors reduced access to opportunities and
rewards
Solution: Provide assessment and opportunities to episodic contributors. Examples
of assessment are skill exploration and personal evaluation. Examples of opportunities
are travel, employment consideration, succession planning, and skill building. Sustained
episodic participants are encouraged to continue contributing and are more beneficial to
the community.
Related practices:
• R.10 Promote episodic contributors is a more specific practice.




Practice R.10: Promote episodic contributors
Context: There is sustained episodic participation. Absences do not affect completion of
duties.
Concerns:
• 14.C Community excludes episodic contributors from discussions and decisions
Solution: Give sustained episodic participants access to rotating leadership positions
which depend on experience rather than continuous contributions. Sustained episodic
participants are encouraged to continue contributing. Episodic participants will be able to
lead with an understanding of what episodic participation entails.
Related practices:
• R.9 Provide evaluations and a promotion path is a more general practice.
• G.4 Make decisions in public is a complementary practice.
Used by: CM13
Proposed by: CM14
Practice R.11: Announce milestones and celebrate meeting goals
Context: Progress is not always immediately visible.
Concerns:
• 2.C Episodic contributor lacks awareness of opportunities to contribute
Solution: Announce when milestones have been met, and celebrate success. Progress is
more visible. Milestones may cause enthusiasm among episodic or new contributors.
Related practices:
• G.6 Craft a community vision is a possible preceding step.
• G.7 Define measuring and success is a possible preceding step.
• P.13 Have a social media team is a possible preceding step.
• G.1 Manage the delivery triangle is a possible succeeding step.
Challenges:
Used by: CM3, CM13, CM24
Practice R.12: Listen to suggestions
Context: There is a strong separation between leaders and other contributors.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
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• 14.C Community excludes episodic contributors from discussions and decisions
Solution: Allow anyone who participates to propose what want to implement, even if the
decisions are ultimately made by a steering committee. If concepts don’t fit in with the
primary project goals, allow people to create unofficial initiatives, provided these don’t
damage the project. Also listen to input about the community itself. People will feel more
engaged in the community when they can propose ideas.
Related practices:
• P.4 Document general working practices is a complementary practice.
• P.1 Identify appropriate tasks is a possible preceding step.
• P.6 List current areas of activity is a possible succeeding step.
• W.9 Require documentation as part of the submission is a possible succeeding step.
• R.13 Incorporate unofficial successes is a possible succeeding step.
Challenges: Care must be taken to prevent a situation where people suggest ideas they
expect other people to implement.
Used by: CM3, CM6, CM12, CM13, CM18, CM19
Proposed by: CM1, CM14, CM15, CM23
Practice R.13: Incorporate unofficial successes
Context: People are encouraged to take concepts which don’t fit in with the project’s
primary goals and develop them independently. Some independent initiatives are successful
and would benefit the project.
Concerns:
• 4.C Episodic contributor lacks understanding of project vision
• 8.C Community’s cost of supervision exceeds benefit of episodic contribution
Solution: Invite creators of unofficial initiatives to incorporate them in the main project
if they are successful and of high quality. Alternatively, if the project is stand-alone,
recognize these successes within the project. Participants are less likely to feel alienated if
trial projects can eventually be included in the main project.
Related practices:
• W.8 Mentor to quality is a possible alternative step.
• R.12 Listen to suggestions is a possible preceding step.
Challenges:
Used by: CM12, CM13, CM18
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Practice R.14: Rotate focus areas on schedule
Context: The work is highly specialized, but multiple specialities are required. It is
desirable for episodic contributors to return.
Concerns:
• 9.C Community cannot retain episodic contributors for sporadic requirements
Solution: Rotate between different focus areas with a consistent schedule. People will be
able to plan when their expertise is needed.
Related practices:
• P.14 Set expiration dates is a complementary practice.
• R.1 Publicize your release schedule is a complementary practice.
• O.1 Learn about the experience, preferences, and time constraints of participants is a
possible preceding step.
Used by: CM15, CM18, CM19
F Workflows
Workflows are relationships which have been proposed as a collection of practices
by a community manager. Below are the workflows proposed by our participants,
showing concurrent complementary practices and sequential practices. The pre-
ceding/succeeding sequence is depicted with an arrow, while complementary
practices can be inferred when they connect to the same succeeding practice. In
some cases (e.g., Fig. 13), the community manager proposed to execute several




Figure 4: Possible workflow to address concern 2.C Episodic contributor lacks
awareness of opportunities to contribute (CM3)
Figure 5: Possible workflow to address concern 2.C Episodic contributor lacks
awareness of opportunities to contribute (CM11)
Figure 6: Possible workflow to address concerns 2.C Episodic contributor lacks
awareness of opportunities to contribute and 10.C Community has difficulty
identifying appropriate tasks for episodic contributors (CM5)
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Figure 7: Possible workflow to address concerns 2.C Episodic contributor lacks
awareness of opportunities to contribute and 4.C Episodic contributor lacks under-
standing of project vision (CM9)
Figure 8: Possible workflow to address concern 6.C Episodic contributor quality of
work is insufficient (CM24)




Figure 10: Possible workflow to address concern 11.C Community lacks an episodic
strategy (CM17)
Figure 11: Possible workflow to address concern 11.C Community lacks an episodic
strategy (CM19)
Figure 12 shows the inclusion of a practice which was not part of this study,
depicted in light gray. Please refer to the original paper for an explanation of the
decision to exclude recruitment-specific practices. Recruit in the right places is
the practice of advertising the project in relevant places, where people might be
expected to be interested in the community’s goals. It is illustrated by this quote:
“Most of the time; the most common mistake we have made is to recruit
volunteers from everywhere. Whereas open selection is great, some
communities perform better when you target places or other communities




Figure 12: Possible workflow to address concern 4.C Episodic contributor lacks
understanding of project vision (CM13)
Figure 13: Possible workflow to address concern 4.C Episodic contributor lacks
understanding of project vision (CM12)
Figure 14: Possible workflow to address concern 5.C Episodic contributor and
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The three research chapters, taken together, greatly add to our knowledge of EV
in FLOSS. With the increasing dependence on FLOSS across many industries,
the well-being of FLOSS communities is economically important to countries and
regions. Volunteering is still widespread in the creation of FLOSS, but even when
paid developers are involved, their contributions to the project are likely to be
episodic in nature. From the perspective of the community, episodic participation
comes with the same concerns regardless of whether the contributor is paid or
a volunteer. For this reason, the research is potentially applicable in a broader
context, when knowledge workers have discretion on focus, for instance in an inner
source setting. However, one of the main contributions of this work is that it
provides an approach for FLOSS community managers grappling with how to
effectively utilize and retain episodic contributors.
The second chapter, a qualitative survey, served to describe how episodic contrib-
utors were working and being managed in FLOSS communities. It was structured
around five concepts associated with EV retention: contributor motivation, social
norms, psychological sense of community, satisfaction, and community commitment.
The concepts were used both to order the findings, derived from interviews with
community managers and episodic volunteers, and to propose practices adapted
from the EV and FLOSS literature to the episodic situation.
Chapter 3 explicitly proposed the model of retention implicit in the Chapter 2,
and evaluated it through a quantitative survey of episodic volunteers. A structural
model was presented as Figure 6 in the Introduction. In this diagram, each oval
depicts a latent variable. Five of the variables are independent, and were expected
Chapter 5
336
to be positively correlated with the dependent variable, Intention to Remain.
Figure 1 shows the results of the evaluation of the structural model. Paths which
are bold and marked with an asterisk are significant.
This model of retention can be used to refine the results of the second chapter.
Three concepts were found to be statistically significant, with two—satisfaction
and community commitment—accounting for the majority of variation in intention
to remain. One particularly interesting finding is the high explanatory value of
community commitment, whereas a previous study of contributors (which differed
in that it included only code contributors and included habitual contributors) found
satisfaction to be the most relevant factor (Wu et al., 2007). It may be beneficial
for community managers focusing on EV to put emphasis not on all concepts
presented in the second chapter, but to focus on the two which have the biggest
impact. However, social norms are also an interesting concept to consider, as they
are significant, and this is the first time that they have been considered in a FLOSS
context.
In Chapter 4, the scope was extended from EV retention to the management of
episodic contributors. Retention is, of course, a subset of contributor management,
but the fourth chapter also looked at how communities can derive value from
episodic contributors’ participation. The topics are closely related: there is no
benefit in retaining contributors if their contributions have no value, and returning
contributors are generally able to deliver more value than one-off contributors. This
chapter was conducted as a Delphi study of community managers and resulted in a
list of 65 practices, 48 of which were in use by at least three community managers
for the purpose of managing EV.
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Figure 1: Evaluation of the structural model on the retention of episodic volunteers
The widespread use of practices for managing EV shows how significantly
FLOSS communities have changed since the data were collected for Chapter 2. At
that time, none of the community managers interviewed were specifically managing
EV. Just a few years later, community managers were largely aware of episodic
contributors and had identified practices for addressing EV. Both practitioners
and researchers have shown considerably more interest on related topics—such as
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the onboarding and retention of newcomers—in recent years, and this may help
explain how episodic volunteering has also become a familiar topic.
Two chapters took the perspective of the community manager, who is unable
to distinguish between paid and volunteer contributors. The third chapter, which
relied on data from individual episodic participants, was able to exclude paid
contributors. This shift of scope makes Chapters 2 and 4 fully applicable to the
broader FLOSS context, while making Chapter 3 more compatible with existing
EV research.
2 Suggestions for Future Research
Although this thesis makes several important contributions toward understanding
EV in a FLOSS context, there are ample opportunities for future research:
• The findings from the FLOSS domain, in particular those stemming from the
third chapter, could be incorporated into the general volunteering literature
to allow for the creation of more general theories which have been derived
from the study of very different types of volunteer organizations.
• The EV lens could be applied to situations I have proposed as related, such
as inner source to determine if this assists in understanding how to improve
retention and the usefulness of contributions.
• The model of EV retention in FLOSS, also from the third chapter, could
be extended to further explain variation in intention to return. It could
be evaluated for paid episodic contributors and habitual contributors. The
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tentative effects of gender and the exploratory clustering could be further
explored.
• The EV practices—primarily in the fourth chapter, but not excluding the re-
tention practices proposed in the second chapter—could be evaluated through
action research to provide additional guidance to community managers trying
to manage EV in their communities.
• Further research could explore the extent to which episodic contributors can
be compared to one-off contributors. Are the intentions of one-off contributors
and returning episodic contributors initially different? That is, could retention
practices potentially be used to convert a one-off contributor to an episodic
contributor?
• More could be done with the finding, from the third chapter, that the majority
of episodic contributors are habitual contributors to other projects. Instead of
considering participation as a discrete decision associated with one community,
there is significant scope for exploring an individual’s retention as a function
of relationships with multiple communities.
• Models of episodic and habitual participation, such as the one given in Fig 2
in the thesis Introduction, often ignore time. When time is considered, it is
usually depicted as intensifying commitment, as in the Three-Stage Model of
Volunteers’ Duration of Service (Chacón et al., 2007), the Episodic Volunteer
Engagement and Retention (Hyde et al., 2016) model, or Herraiz et al.’s
depiction of FLOSS joining (Herraiz et al., 2006). Indeed, tenure was treated
as a possible moderating effect in the third chapter. In light of findings
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that contributors shift between episodic and habitual participation (Amrit
and van Hillegersberg, 2010; Bryen and Madden, 2006; Van Wesel et al.,
2017), it may be informative to consider the changing engagement of FLOSS
participants over time.
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